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IMPORTANT NOTICE 



Texas Instruments (Tl) reserves the right to make changes to its products or to discontinue any 
semiconductor product or service without notice, and advises its customers to obtain the latest 
version of relevant information to verify, before placing orders, that the information being relied 
on is current. 

Tl warrants performance of its semiconductor products and related software to the specifications 
applicable at the time of sale in accordance with TPs standard warranty. Testing and other quality 
control techniques are utilized to the extent Tl deems necessary to support this warranty. 
Specific testing of all parameters of each device is not necessarily performed, except those 
mandated by government requirements. 

Certain applications using semiconductor products may involve potential risks of death, 
personal injury, or severe property or environmental damage ("Critical Applications"). 

Tl SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR 
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES 
OR SYSTEMS OR OTHER CRITICAL APPLICATIONS. 

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer. 
Use of Tl products in such applications requires the written approval of an appropriate Tl officer. 
Questions concerning potential risk applications should be directed to Tl through a local SC 
sales office. 

In order to minimize risks associated with the customer's applications, adequate design and 
operating safeguards should be provided by the customer to minimize inherent or procedural 
hazards. 

Tl assumes no liability for applications assistance, customer product design, software 
performance, or infringement of patents or services described herein. Nor does Tl warrant or 
represent that any license, either express or implied, is granted under any patent right, copyright, 
mask work right, or other intellectual property right of Tl covering or relating to any combination, 
machine, or process in which such semiconductor products or services might be or are used. 
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INTRODUCTION 



First-in, first-out (FIFO) memories from Texas Instruments (Tl) are valuable data-path 
elements for eliminating bottlenecks and regulating flow. Data transfers in and out of a FIFO 
memory are independent of one another and allow the device to be the communication 
medium between two asynchronous systems. Empty and full status flags that prevent 
underflow and overflow conditions are standard with all devices, and many have 
programmable almost-full and almost-empty flags to optimize the control of a particular 
system. 

Each advanced FIFO is constructed with a dual-port SRAM, read and write address- 
incrementing logic, and flag circuitry. Rising-edge-triggered clocks are featured on all Tl 
FIFOs, with self-timed reads and writes on memory that allow a large variance of usable 
pulse widths. Tl's strobed style FIFO writes data to memory on each low-to-high transition 
of the load-clock (LOCK) input and reads data on each rising edge of the unload-clock 
(UNCK) input. 

Tl's clocked style FIFO also can receive asynchronous clocks for writing and reading data, 
but the clock inputs are designed to be continuous, with the rising edge affecting data 
transfers when separate enable signals are asserted. This characteristic allows a seamless 
interface between the device and other high-speed buses or microprocessors with similar 
control. The availability of the free-running clock also provides the means to synchronize 
the full and empty status flags as reliable control signals and reduce the amount of external 
support logic. Each Tl clocked FIFO has the empty flag synchronized to the read clock and 
the full flag synchronized to the write clock with at least two flip-flop stages. Clocked FIFOs 
produced in advanced CMOS technology can support clock frequencies up to 67 MHz. The 
SN74ABT781 9, produced in advanced BiCMOS technology, is capable of speeds up to 80 
MHz. The SN74ABT781 9 is also a bidirectional Fl FO with two independent Fl FO memories 
combined on one chip to buffer data in opposite directions. 

Memory organization of the Fl FOs ranges in depth from 1 6 words to 1 6384 words and data 
bit widths of 1 , 4, 5, 8, 9, 1 8, 32, and 36. The under and deeper FIFOs offer a high level of 
integration and board-space savings, where previously, multiple FIFOs had to be cascaded 
to achieve the desired architecture. To accommodate the need to reduce package area as 
data widths increase, many Tl FIFO memories are offered in thin surface-mount packages. 
The SSOP and TQFP packages with 25-mil, 0.5-mm, and 0.4-mm lead pitch, respectively, 
can reduce the FIFO-dedicated board area by greater than 70% over PLCC packages. 

Tl continues to offer leading-edge solutions to customers' needs in both packaging 
technology and device architecture. This is evidenced by the 120-pin TQFP with 1 6-mm x 
16-mm area to house the 32- and 36-bit products. With features such as synchronous 
retransmit, mailbox-bypass registers, byte swapping, and bus-width matching, these 
devices provide a high level of integration in a compact area for applications such as 
interfacing a digital signal processor (DSP) to a host processor and matching systems with 
different memory organizations. 



EPIC, EPIC-IIB, IMPACT, OEC, Widebus, and Multi-Q are trademarks of Texas Instruments Incorporated. 
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PRODUCT STAGE STATEMENTS 



Product stage statements are used on Texas Instruments data sheets to indicate the 
development stage(s) of the product(s) specified in the data sheets. 

If all products specified in a data sheet are at the same development stage, the appropriate 
statement from the following list is placed in the lower left corner of the first page of the data sheet. 

PRODUCTION DATA information is current as of publication date. Products conform to 
specifications per the terms of Texas Instruments standard warranty. Production processing 
does not necessarily include testing of all parameters. 

ADVANCE INFORMATION concerns new products in the sampling or preproduction phase 
of development. Characteristic data and other specifications are subject to change without 
notice. 

PRODUCT PREVIEW information concerns products in the formative or design phase of 
development. Characteristic data and other specifications are design goals. Texas 
Instruments reserves the right to change or discontinue these products without notice. 

If not all products specified in a data sheet are at the PRODUCTION DATA stage, then the first 
statement below is placed in the lower left corner of the first page of the data sheet. Subsequent 
pages of the data sheet containing PRODUCT PREVIEW information or ADVANCE 
INFORMATION are then marked in the lower left-hand corner with the appropriate statement 
given below: 

UNLESS OTHERWISE NOTED this document contains PRODUCTION DATA information 
current as of publication date. Products conform to specifications per the terms of Texas 
Instruments standard warranty. Production processing does not necessarily include testing 
of all parameters. 

ADVANCE INFORMATION concerns new products in the sampling or preproduction phase 
of development. Characteristic data and other specifications are subject to change without 
notice. 

PRODUCT PREVIEW information concerns products in the formative or design phase of 
development. Characteristic data and other specifications are design goals. Texas 
Instruments reserves the right to change or discontinue these products without notice. 
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FIFO Functionality 
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FIFO Functionality (Continued) 
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1K 


36 


11 




✓ 


✓ 








✓ 


✓ 


✓ 


✓ 








✓ 










SN74ACT3642 


1K 


36 


11 




✓ 


✓ 


✓ 






✓ 




✓ 


✓ 


















SN74ACT3651 


2K 


36 


11 




✓ 


✓ 








✓ 


✓ 


✓ 


✓ 








✓ 
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* Bidirectional configurable without additional logic 



GLOSSARY 

SYMBOLS, TERMS, AND DEFINITIONS 



INTRODUCTION 

These symbols, terms, and definitions are in accordance with those currently agreed upon by the JEDEC 
Council of the Electronic Industries Association (EIA) for use in the USA and by the International 
Electrotechnical Commission (I EC) for international use. 



operating conditions and characteristics (in sequence by letter symbols) 

Cj Input capacitance 

The internal capacitance at an input of the device 

C 0 Output capacitance 

The internal capacitance at an output of the device 
C pd Power dissipation capacitance 

Used to determine the no-load dynamic power dissipation per logic function (see individual circuit pages): 
Pd = Cpd V C c 2 f + Ice V CC 



f max Maximum clock frequency 

The highest rate at which the clock input of a bistable circuit can be driven through its required sequence 
while maintaining stable transitions of logic level at the output with input conditions established that 
should cause changes of output logic level in accordance with the specification 

Ice Supply current 

The current into* the Vcc supply terminal of an integrated circuit 

AIqc Supply current change 

The increase in supply current for each input that is at one of the specified TTL voltage levels rather than 
OVorVcc 
*CEX Output high leakage current 

The maximum leakage current into the collector of the pulldown output transistor when the output is high 
and the output forcing condition Vq = 5.5 V 

'l(hold) Input hold current 

Input current that holds the input at the previous state when the driving device goes to a high-impedance 
state 

llH High-level input current 

The current into* an input when a high-level voltage is applied to that input 

IlL Low-level input current 

The current into* an input when a low-level voltage is applied to that input 
l 0 ft Input/output power-off leakage current 

The maximum leakage current into/out of the input/output transistors when forcing the input/output to 
4.5 V and V cc = 0 V 

Iqh High-level output current 

The current into* an output with input conditions applied that, according to the product specification, will 
establish a high level at the output. 

Iql Low-level output current 

The current into* an output with input conditions applied that, according to the product specification, will 
establish a low level at the output. 

^Currentou^^ter^^ 

Texas 
Instruments 

POST OFFICE BOX 665303 •DALLAS, TEXAS 75265 1-7 



GLOSSARY 

SYMBOLS, TERMS, AND DEFINITIONS 



l 0 z Off-state (high-impedance-state) output current (of a 3-state output) 

The current flowing into* an output having 3-state capability with input conditions established that, 
according to the product specification, will establish the high-impedance state at the output 

t a Access time 

The time interval between the application of a specified input pulse and the availability of valid signals 
at an output 

t c Ciock cycle time 

Clock cycle time is 1 /f ma x- 
t djs Disable time (of a 3-state or open-collector output) 

The propagation time between the specified reference points on the input and output voltage waveforms 
with the output changing from either of the defined active levels (high or low) to a high-impedance (off) 
state 

NOTE: For 3-state outputs, t^s = tpHZ or tpi_z. Open-collector outputs will change only if they are low 
at the time of disabling, so tdj S = tpi_H- 

t en Enable time (of a 3-state or open-collector output) 

The propagation time between the specified reference points on the input and output voltage waveforms 
with the output changing from a high-impedance (off) state to either of the defined active levels (high or 
low) 

NOTE: In the case of memories, this is the access time from an enable input (e.g., OE). For 3-state 
outputs, t en = tpzH or tpzL- Open-collector outputs will change only if they are responding to data 
that would cause the output to go low, so t en = tpuL- 

th Hold time 

The time interval during which a signal is retained at a specified input terminal after an active transition 
occurs at another specified input terminal 

NOTES: 1 . The hold time is the actual time interval between two signal events and is determined by the 
system in which the digital circuit operates. A minimum value is specified that is the shortest 
interval for which correct operation of the digital circuit is to be expected. 
2. The hold time may have a negative value in which case the minimum limit defines the longest 
interval (between the release of the signal and the active transition) for which correct operation 
of the digital circuit is to be expected. 

t pC | Propagation delay time 

The time between the specified reference points on the input and output voltage waveforms with the 
output changing from one defined level (high or low) to the other defined level (t p( j = tpm_ or tp|j-|) 

tpHL Propagation delay time, high-to-low level output 

The time between the specified reference points on the input and output voltage waveforms with the 
output changing from the defined high level to the defined low level 

tpHZ Disable time (of a 3-state output) from high level 

The time interval between the specified reference points on the input and the output voltage waveforms 
with the 3-state output changing from the defined high level to the high-impedance (off) state 

tpi_n Propagation delay time, low-to-high level output 

The time between the specified reference points on the input and output voltage waveforms with the 
output changing from the defined low level to the defined high level 
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GLOSSARY 

SYMBOLS, TERMS, AND DEFINITIONS 



tpLZ Disable time (of a 3-state output) from low level 

The time interval between the specified reference points on the input and the output voltage waveforms 
with the 3-state output changing from the defined low level to the high-impedance (off) state 

tpZH Enable time (of a 3-state output) to high level 

The time interval between the specified reference points on the input and output voltage waveforms with 
the 3-state output changing from the high-impedance (off) state to the defined high level 

tpZL Enable time (of a 3-state output) to low level 

The time interval between the specified reference points on the input and output voltage waveforms with 
the 3-state output changing from the high-impedance (off) state to the defined low level 

t su Setup time 

The time interval between the application of a signal at a specified input terminal and a subsequent active 
transition at another specified input terminal 

NOTES: 1 . The setup time is the actual time interval between two signal events and is determined by 
the system in which the digital circuit operates. A minimum value is specified that is the shortest 
interval for which correct operation of the digital circuit is to be expected. 
2. The setup time may have a negative value, in which case the minimum limit defines the 
longest interval (between the active transition and the application of the other signal) for which 
correct operation of the digital circuit is to be expected. 

t w Pulse duration (width) 

The time interval between specified reference points on the leading and trailing edges of the pulse 
waveform 

V| H High-level input voltage 

An input voltage within the more positive (less negative) of the two ranges of values used to represent 
the binary variables 

NOTE: A minimum is specified that is the least-positive value of high-level input voltage for which 
operation of the logic element within specification limits is to be expected. 

V| L Low-level input voltage 

An input voltage within the less positive (more negative) of the two ranges of values used to represent 
the binary variables 

NOTE: A maximum is specified that is the most-positive value of low-level input voltage for which 
operation of the logic element within specification limits is to be expected. 

Vqh High-level output voltage 

The voltage at an output terminal with input conditions applied that, according to product specification, 
will establish a high level at the output 

Vql Low-level output voltage 

The voltage at an output terminal with input conditions applied that, according to product specification, 
will establish a low level at the output 

Vj T+ Positive-going input threshold level 

The voltage level at a transition-operated input that causes operation of the logic element according to 
specification as the input voltage rises from a level below the negative-going threshold voltage, V|j_ 

V| T _ Negative-going input threshold level 

The voltage level at a transition-operated input that causes operation of the logic element according to 
specification as the input voltage falls from a level above the positive-going threshold voltage, V|j + 
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GLOSSARY 

SYMBOLS, TERMS, AND DEFINITIONS 



definitions 
asynchronous FIFO 

Data writes are initiated by a low-level pulse on the write-enable input when the full flag is not asserted. Likewise, 
data reads are initiated by a low-level pulse on the read-enable input when the empty flag is not asserted. The 
empty and full flags are not synchronized to a particular clock and reflect the instantaneous comparison of the 
read and write pointers. 

clocked FIFO 

Data is written by a low-to-high transition of a write clock when write-enable inputs are asserted and the 
input-ready flag is not asserted. Likewise, data is read by a low-to-high transition of a read clock when 
read-enable inputs are asserted and the output-ready flag is asserted. The input-ready flag is multistaged 
synchronized to the write clock and the ouput-ready flag is multistaged synchronized to the read clock, 
improving metastability. 

strobed FIFO 

Data is written on a low-to-high transition on the load-clock input when the full flag is not asserted. Likewise, 
data is read on a low-to-high transition on the unload-clock input when the empty-flag is not asserted. The empty 
and full flags are not synchronized to a particular clock and reflect the instantaneous comparison of the read 
and write pointers. 

synchronous FIFO 

The term synchronous refers to a port-control method and does not imply that data writes and reads must be 
synchronous to one another. Data is written by a low-to-high transition of a write clock when write-enable inputs 
are asserted and the full flag is not asserted. Likewise, data is read by a low-to-high transition of a read clock 
when read-enable inputs are asserted and the empty flag is not asserted. The empty flag is single-staged 
synchronized to the read clock, and the full flag is single-staged synchronized to the write clock. 
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EXPLANATION OF FUNCTION TABLES 



The following symbols are used in function tables on Tl data sheets: 



H = high level (steady state) 

L = low level (steady state) 

T = transition from low to high level 

I = transition from high to low level 

— ► = value/level or resulting value/level is routed to indicated destination 

it-n = value/level is re-entered 

X = irrelevant (any input, including transitions) 

Z = off (high-impedance) state of a 3-state output 

a . . . h = the level of steady-state inputs A through H respectively 

Qq = level of Q before the indicated steady-state input conditions were established 

Qq = complement of Qo or level of Q before the indicated steady-state input 

conditions were established 

Q n = level of Q before the most recent active transition indicated by i or T 

_n_ = one high-level pulse 

n_r = one low-level pulse 

Toggle = each output changes to the complement of its previous level on each active 
transition indicated by i or T 



If, in the input columns, a row contains only the symbols H, L, and/or X, this means the indicated output is valid 
whenever the input configuration is achieved and regardless of the sequence in which it is achieved. The output 
persists so long as the input configuration is maintained. 

If, in the input columns, a row contains H, L, and/or X together with T and/or I, this means the output is valid whenever 
the input configuration is achieved but the transition^) must occur following the achievement of the steady-state 
levels. If the output is shown as a level (H, L, Qq, or Qq), it persists so long as the steady-state input levels and the 
levels that terminate indicated transitions are maintained. Unless otherwise indicated, input transitions in the opposite 
direction to those shown have no effect at the output. (If the output is shown as a pulse, -J~l_ or ~i_r, the pulse follows 
the indicated input transition and persists for an interval dependent on the circuit.) 
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EXPLANATION OF FUNCTION TABLES 



Among the most complex function tables are those of the shift registers. These embody most of the symbols used 
in any of the function tables, plus more. Below is the function table of a 4-bit bidirectional universal shift register, e.g., 
typeSN74194. 



FUNCTION TABLE 



INPUTS 


OUTPUTS 


CLEAR 


MODE 


CLOCK 


SERIAL 


PARALLEL 


Q A 


Qb 


Qc 


Qd 


S1 


SO 


LEFT 


RIGHT 


A 


B 


c 


D 


L 


X 


X 


X 


X 


X 


X 


X 


X 


X 


L 


L 


L 


L 


H 


X 


X 


L 


X 


X 


X 


X 


X 


X 


Qao 


Qbo 


Qco 


Qdo 


H 


H 


H 


T 


X 


X 


a 


b 


c 


d 


a 


b 


c 


d 


H 


L 


H 


T 


X 


H 


H 


H 


H 


H 


H 


QAn 


QBn 


QCn 


H 


L 


H 


T 


X 


L 


L 


L 


L 


L 


L 


QAn 


QBn 


QCn 


H 


H 


L 


T 


H 


X 


X 


X 


X 


X 


QBn 


QCn 


QDn 


H 


H 


H 


L 


T 


L 


X 


X 


X 


X 


X 


QBn 


QCn 


QDn 


L 


H 


L 


L 


X 


X 


X 


X 


X 


X 


X 


Qao 


Qbo 


Qco 


Qdo 



The first line of the table represents a synchronous clearing of the register and says that if clear is low, all four outputs 
will be reset low regardless of the other inputs. In the following lines, clear is inactive (high) and so has no effect. 

The second line shows that so long as the clock input remains low (while clear is high), no other input has any effect 
and the outputs maintain the levels they assumed before the steady-state combination of clear high and clock low 
was established. Since on other lines of the table only the rising transition of the clock is shown to be active, the second 
line implicitly shows that no further change in the outputs will occur while the clock remains high or on the high-to-low 
transition of the clock. 

The third line of the table represents synchronous parallel loading of the register and says that if S1 and SO are both 
high then, without regard to the serial input, the data entered at A will be at output Qa, data entered at B will be at 
Qb, and so forth, following a low-to-high clock transition. 

The fourth and fifth lines represent the loading of high- and low-level data, respectively, from the shift-right serial input 
and the shifting of previously entered data one bit; data previously at Qa is now at Qb, the previous levels of Qb and 
Qc are now at Qq and Qp, respectively, and the data previously at Qp is no longer in the register. This entry of serial 
data and shift takes place on the low-to-high transition of the clock when S1 is low and SO is high and the levels at 
inputs A through 0 have no effect. 

The sixth and seventh lines represent the loading of high- and low-level data, respectively, from the shift-left serial 
input and the shifting of previously entered data one bit; data previously at Qb is now at Qa, the previous levels of 
Qc and Qp are now at Qb and Qc, respectively, and the data previously at Qa is no longer in the register. This entry 
of serial data and shift takes place on the low-to-high transition of the clock when S1 is high and SO is low and the 
levels at inputs A through D have no effect. 

The last line shows that as long as both inputs are low, no other input has any effect and, as in the second line, the 
outputs maintain the levels they assumed before the steady-state combination of clear high and both mode inputs 
low was established. 

The function table functional tests do not reflect all possible combinations or sequential modes. 
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D FLIP-FLOP AND LATCH SIGNAL CONVENTIONS 



It is normal Tl practice to name the outputs and other inputs of a D-type flip-flop or latch and to draw its logic symbol 
based on the assumption of true data (D) inputs. Outputs that produce data in phase with the data inputs are called 
Q and those producing complementary data are called Q. An input that causes a Q output to go high or a 5 output 
to go low is called preset (PRE). An input that causes a (5 output to go high or a Q output to go low is called clear 
(CLR). Bars are used over these pin names (PRE and CLR) if they are active low. 

The devices on several data sheets are second-source designs, and the pin name conventions used by the original 
manufacturers have been retained. That makes it necessary to designate the inputs and outputs of the inverting 
circuits D and Q. 

In some applications, it may be advantageous to redesignate the data input from D to D or vice versa. In that case, 
all the other inputs and outputs should be renamed as shown below. Also shown are corresponding changes in the 
graphical symbols. Arbitrary pin numbers are shown. 



PRE 

c 

D 

CLR 



PRE 
CLK 
D 

CLR 



1 


s 

C1 
1D 
R 


5 


2 


S 6 


3 


4 IS 


5 


1 IS 


LATCH 


s 

> C1 
1D 
R 


2 


6 


3 


4 IS 







CLR 
C 
D 

PRE 



(5LR 
CLK 
D 
PRE 



1 




2 


3 


IS 


4 


rs 


1 


is 


2 


3 




4 






LATCH 




FLIP-FLOP 



FLIP-FLOP 



The figures show that w he n Q an d Q exchange names, the preset and clear pins also exchange names. The polarity 
indicators (t^ ) on PRE andCLR remain, as these inputs are still active low, but the presence or absence of the polarity 
indicator changes at D (or D), Q, and Q. Pin 5 (Q or Q) is still in phase with the data input (D or D); their active levels 
change together. 
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THERMAL INFORMATION 



In digital system design, consideration must be given to thermal management of components. The small size of the 
small-outline package makes this even more critical. Figure 1 shows the thermal resistance of these packages for 
various rates of air flow. 

The thermal resistances in Figure 1 can be used to approximate typical and maximum virtual junction temperatures. 
In general, the junction temperature for any device can be calculated using using the following equation: 

Tj = RejA x Pt + T A 
where: 

Tj = virtual junction temperature 

R eJA = thermal resistance, junction to free air 

Pj = total power dissipation of the device 

Ta = free-air temperature 



JUNCTION-TO-AMBIENT THERMAL RESISTANCE 
vs 

AIR VELOCITY 

130| 1 1 1 1 1 1 




Air Velocity -ft/min 



Figure 1 

Derating curves for 210-mil shrink small-outline package are shown in Figures 2 through 5. 
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THERMAL INFORMATION 
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Ta - Free-Air Temperature - °C 

Figure 2 
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Figure 3 
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25 30 35 40 45 50 55 60 65 70 75 80 85 90 
Ta - Free-Air Temperature - °C 

Figure 4 




25 30 35 40 45 50 55 60 65 70 75 80 85 90 
Ta - Free-Air Temperature - °C 

Figure 5 
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Generallnformation 



1 



Telecom Single-Bit FIFOs 


2 


Reduced-Wrdth FIFOs 


T 


9-Bit Clocked/Strobed FIFOs 




m 


8- and 9-Bit Asynchronous FIFOs 


5 


0-Blt Synchronous FIFOs 


6 


1 8-Bit Clocked FIFOs E2 


18-Bit Strobed FIFOs 


8 


Multi-Q™ 18-Bit FIFO 




9 


3.3-V Low-Powered 18-Bit FIFOs 


10 


DSP 32- and 36-Bit Clocked FIFOs 


11 


internetworking 36-Bit Clocked FIFOs 


12 


High-Bandwidth Computing 36-Bit Clocked FIFOs 


13 


Military FIFOs 


14 


Application Reports 


15 


Mechanical Data 


16 
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TELECOM SINGLE-BIT FIFOS 
Features Benefits 



0.8-iim CMOS process 
Dual independent FIFOs 

Separate inputs, outputs, resets, and 
enables 

Synchronous IR and OR flags 

Tl's advanced clocked interface 

Empty, full, and almost-full/almost-empty 
flags 

-40°C/85°C characterization 



• High-performance, low-power process 

• Allow either a transmit and receive 
configuration, two transmits, or two 
receive operations 

• Greater design flexibility 

• Flag synchronization is done on chip. 

• Support free-running clocks with enables 

• Multiple status flags enables greater 
system control 

• Industrial temperature range for field 
applications 



SN74ACT2226, SN74ACT2228 
DUAL 64x1, DUAL 256x1 
CLOCKED FIRST-IN, FIRST-OUT MEMORIES 

SCAS219B-JUNE 1992 - REVISED SEPTEMBER 1995 



• Dual Independent FIFOs Organized as: 

64 Words by 1 Bit Each - SN74ACT2226 
256 Words by 1 Bit Each - SN74ACT2228 

• Free-Running Read and Write Clocks Can 
Be Asynchronous or Coincident on Each 
FIFO 

• Input-Ready Flags Synchronized to Write 
Clocks 

• Output-Ready Flags Synchronized to Read 
Clocks 

• Half-Full and Almost-Full/Almost-Empty 
Flags 

• Support Clock Frequencies up to 22 MHz 

• Characterized for Operation Over the 
Industrial Temperature Range: 
-40°C to 85°C 

• Access Times of 20 ns 

• Low-Power Advanced CMOS Technology 

• Available in 24-Pin SOIC (DW) Package 



DW PACKAGE 
CTOP VIEW) 



1HF 
1AF/AE 
1WRTCLK 
1WRTEN 
1IR 
1D 
GND 



1 RESET 
2Q 
20R 
2RDEN 
2RDCLK 




description 

The SN74ACT2226 and SN74ACT2228 are dual FIFOs suited for a wide range of serial-data buffering 
applications including elastic stores for frequencies up to T2 telecommunication rates. Each FIFO on the chip 
is arranged as 64 x 1 (SN74ACT2226) or 256 x 1 (SN74ACT2228) and has control signals and status flags for 
independent operation. Output flags per FIFO include input ready (1 IR or 2IR), output ready (10R or 20R), 
half full (1 HF or 2HF), and almost full/almost empty (1 AF/AE or 2AF/AE). 

Serial data is written into a FIFO on the low-to-high transition of the write-clock (1 WRTCLK or 2WRTCLK) input 
when the write-enable (1WRTEN or 2WRTEN) input and input-ready flag (1IR or 2IR) output are both high. 
Serial data is read from a FIFO on the low-to-high transition of the read-clock (1 RDCLK or 2RDCLK) input when 
the read-enable (1 RDEN or 2RDEN) input and output-ready flag (1 OR or 20R) output are both high. The read 
and write clocks of a FIFO can be asynchronous to one another. 

Each input-ready flag (1 IR or 2IR) is synchronized by two flip-flop stages to its write clock (1 WRTCLK or 
2WRTCLK), and each output-ready flag (1 OR or 20R) is synchronized by three flip-flop stages to its read clock 
(1 RDCLK or 2RDCLK) . This multistage synchronization ensures reliable flag-output states when data is written 
and read asynchronously. 

A half-full flag (1 HF or 2HF) is high when the number of bits stored in its FIFO is greater than or equal to half 
the depth of the FIFO. An almost-full/almost-empty flag (1 AF/AE or 2AF/AE) is high when eight or less bits are 
stored in its FIFO and when eight or fewer empty locations are left in the FIFO. A bit present on the data output 
is not stored in the FIFO. 

The SN74ACT2226 and SN74ACT2228 are characterized for operation from -40°C to 85°C. 

For more information on this device family, see the application report FIFOs With a Word Width of One Bit in 
the 1996 High-Performance FIFO Memories Designer's Handbook, literature number SCAA012A. 



Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
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SN74ACT2226, SN74ACT2228 

DUAL 64x1, DUAL 256x1 

CLOCKED FIRST-IN, FIRST-OUT MEMORIES 

SCAS21 9B - JUNE 1 992 - REVISED SEPTEMBER 1 995 



logic symbolst 



1 RESET 
1WRTCLK 
1WRTEN 
1RDCLK 
1RDEN 

1D 



2RESET 
2WRTCLK 
2WRTEN 
2RDCLK 
2RDEN 

2D 



24 



23 



20 



15 



16 



12 



18 



FIFO 64 x 1 
SN74ACT2226 



RESET 

> WRTCLK 
WRTEN 

> RDCLK 
RDEN 



IN RDY 
HALF FULL 
ALMOST FULL/EMPTY 
OUT RDY 



RESET 

> WRTCLK 
WRTEN 

> RDCLK 



IN RDY 
HALF FULL 
ALMOST FULL/EMPTY 
OUT RDY 



RDEN 

3 



22 



21 



17 



13 



14 



10 



1IR 
1HF 
1AF/AE 
10R 

1Q 



2IR 
2HF 
2AF/AE 
20R 



2Q 



1 RESET 
1WRTCLK 
1 WRTEN 
1 RDCLK 
1RDEN 

1D 



2RESET 
2WRTCLK 
2WRTEN 
2RDCLK 
2RDEN 

2D 



24 



23 



20 



15 



16 



12 



18 



O 

FIFO 256 x 1 
SN74ACT2228 



RESET 

> WRTCLK 
WRTEN 

> RDCLK 
RDEN 



IN RDY 
HALF FULL 
ALMOST FULL/EMPTY 
OUT RDY 



RESET 
t> WRTCLK 

WRTEN 
i> RDCLK 

RDEN 



IN RDY 
HALF FULL 
ALMOST FULL/EMPTY 
OUT RDY 



t These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 



22 



21 



17 



13 



14 



10 



1IR 
1HF 
1AF/AE 
10R 

1Q 



2IR 
2HF 
2AF/AE 
20R 



2Q 



2-4 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN74ACT2226, SN74ACT2228 
DUAL 64x1, DUAL 256x1 
CLOCKED FIRST-IN, FIRST-OUT MEMORIES 

SCAS219B- JUNE 1992 - REVISED SEPTEMBER 1995 



SN74ACT2226 functional block diagram (each FIFO) 

D 



RDCLK- 
RDEN- 

WRTCLK - 
WRTEN - 



RESET - 



Synchronous 
Read Control 



Synchronous 
Write Control 



Reset 
Logic 



Read 
Pointer 



=> 



Write 
Pointer 



=> 



Status 



Location 1 



Location 2 



Dual-Port 
SRAM 
64x1 



Location 63 



Location 64 

~~T~ 



Q 

AF/AE 
HF 
IR 
OR 



SN74ACT2228 functional block diagram (each FIFO) 

D 



RDCLK 
RDEN 

WRTCLK 
WRTEN 



RESET 



Synchronous 
Read Control 



Synchronous 
Write Control L 



Reset 
Logic 



Read 
Pointer 



Write 
Pointer 



Status 



Location 1 



Location 2 



Dual-Port 
SRAM 
256x1 



Location 255 



Location 256 



Register 



Q 

AF/AE 
HF 
IR 
OR 
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Terminal Functions 



TPRMINAI 

1 C rim 1 IN ML. 

NAME NO. 


I/O 


DESCRIPTION 


1AF/AE 2 
2AF/AE 14 


0 


Almost-full/almost-empty flag. AF/AE is high when the memory is eight locations or less from a full or empty state. 
AF/AE is set high after reset. 


1D 6 
2D 18 


I 


Data input 


GND 7 




Ground 


1HF 1 
2HF 15 




Half-full flag. HF is high when the number of bits stored in memory is greater than or equal to half the FIFO depth. 
HF is set low after reset. 


1IR 5 
2IR 17 


0 


Input-ready flag. IR is synchronized to the low-to-high transition of WRTCLK. When IR is low, the FIFO is full and 
writes are disabled. IR is set low during reset and is set high on the second low-to-high transition of WRTCLK 
after reset. 


10R 22 
20R 10 


o 


Output-ready flag. OR is synchronized to the low-to-high transition of RDCLK. When OR is low, the FIFO is empty 
and reads are disabled. Ready data is present on the data output when OR is high. OR is set low during reset 
and set high on the third low-to-high transition of RDCLK after the first word is loaded to empty memory. 


1Q 21 
2Q 9 


o 


Data outputs. After the first valid write to empty memory, the first bit is output on the third rising edge of RDCLK. 
OR for the FIFO is asserted high to indicate ready data. 


1RDCLK 24 
2RDCLK 12 


I 


Read clock. RDCLK is a continuous clock and can be independent of any other clock on the device. A low-to-high 
transition of RDCLK reads data from memory when the FIFO RDEN and OR are high. OR is synchronous with 
the low-to-high transition of RDCLK. 


1RDEN 23 
2RDEN 11 


I 


Read enable. When the RDEN and OR of a FIFO are high, data is read from the Fl FO on the low-to-high transition 
of RDCLK. 


1 RESET 8 
2RESET 20 


I 


Reset. To reset the FIFO, four low-to-high transitions of RDCLK and four low-to-high transitions of WRTCLK must 
occur while RESET is low. This sets HF, IR, and OR low and AF/AE high. Before it is used, a FIFO must be reset 
after power up. 


Vcc 19 




Supply voltage 


1WRTCLK 3 
2WRTCLK 15 


I 


Write clock. WRTCLK is a continuous clock and can be independent of any other clock on the device. A 
low-to-high transition of WRTCLK writes data to memory when WRTEN and IR are high. IR is synchronous with 
the low-to-high transition of WRTCLK. 


1WRTEN 4 
2WRTEN 16 


I 


Write enable. When WRTEN and IR are high, data is written to the FIFO on a low-to-high transition of WRTCLK. 
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WRTCLK 



WRTEN 




Figure 1. FIFO Reset 
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RESET 
WRTCLK 

WRTEN 



RDCLK 



RDEN 

Q 
OR 



B1 



B2 



B3 



B4 



B10 



< L 



Stl 

I 
I 

— I — 



T 



B1 



^jTl i Jit] lJ"1~1_ 



AF/AE 



HF 



IR 



DATA BIT NUMBER BASED ON FIFO DEPTH 



DEVICE 


DATA BIT 


A 


B 


C 


SN74ACT2226 


B33 


B57 


B65 


SN74ACT2228 


B129 


B249 


B257 



Figure 2. FIFO Write 
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RESET 



WRTCLK 



WRTEN 




rw_r~u — run. 



D*J F 



OR 



AF/AE 



HF 



--L 



ru-n-n- 




DATA BIT NUMBER BASED ON FIFO DEPTH 



DEVICE 


DATA BIT 


A B C D E F 


SN74ACT2226 
SN74ACT2228 


B33 B34 B56 B57 B64 B65 
B129 B130 B248 B249 B256 B257 



Figure 3. FIFO Read 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vqc -0.5 V to 7 V 

Input voltage range, V| (see Note 1) -0.5 V to Vqc + 0-5 V 

Output voltage range, Vq (see Note 1 ) -0.5 V to V<x + 0.5 V 

Input clamp current, I|k (V| < 0 or V| > Vqc) ±20 mA 

Output clamp current, Iqk ( v O < 0 or Vq > Vqc) ±50 mA 

Continuous output current, lo (Vo - 0 to Vqc) ±50 mA 

Continuous current through Vqc or GND ±200 mA 

Operating free-air temperature range, Ta -40°C to 85°C 

Storage temperature range, T stg -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output voltage ratings may be exceeded provided that the input and output current ratings are observed. 
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recommended operating conditions 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 




4.5 


5.5 


V 


V|H 


High-level input voltage 




2 


V 


V|L 


Low-level input voltage 




0.8 


V 


•oh 


High-level output current 


Q outputs, Flags 


-8 


mA 


lOL 


Low-level output current 


Q outputs 


16 


mA 


Flags 


8 


T A 


Operating free-air temperature 




-40 


85 


°C 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt 


MAX 


UNIT 


VOH 


Vcc = 4.5 V, 


lOH = ~ 8 


2.4 


V 


vol 


Flags 


VCC = 4.5 V, 


lOL = 8 mA 


0.5 


V 


Q outputs 


VCC = 4.5 V, 


IOL = 16 mA 


0.5 


ii 


V C C - 5.5 V, 


V| = VccorO 


±5 


MA 


ioz 


Vcc = 5.5 V, 


Vq = V CC or 0 


±5 


UA 


ice 


V| = Vcc-0.2VorO 


400 


MA 


AlcC* 


Vcc = 5.5 V, 


One input at 3.4 V, Other inputs at Vcc or GND 


1 


mA 




V| = 0, 


f=1 MHz 


4 


PF 


Co 


v 0 = o, 


f = 1 MHz 


8 


PF 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

$ This is the supply current when each input is at one of the specified TTL voltage levels rather than 0 V or Vcc- 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figures 1 through 3) 





MIN MAX 


UNIT 


fclock Clock frequency 


22 


MHz 


t w Pulse duration 


1 WRTCLK, 2WRTCLK high or low 


15 


ns 


1 RDCLK, 2RDCLK high or low 


15 


t su Setup time 


1 D before 1 WRTCLKt and 2D before 2WRTCLKT 


6 


ns 


1 WRTEN before 1 WRTCLKt and 2WRTEN before 2WRTCLKT 


6 


1 RDEN before 1 RDCLKt and 2RDEN before 2RDCLKT 


6 


1 RESET low before 1 WRTCLKT and 2RESET low before 2WRTCLKT§ 


6 


1 RESET low before 1 RDCLKT and 2RESET low before 2RDCLKT§ 


6 


t n Hold time 


1 D after 1 WRTCLKt and 2D after 2WRTCLKt 


0 


ns 


1 WRTEN after 1 WRTCLKt and 2WRTEN after 2 WRTCLKt 


0 


1 RDEN after 1 RDCLKt and 2RDEN after 2RDCLKt 


0 


1 RESET low after 1 WRTCLKT and 2RESET low after 2WRTCLKTS 


6 


1 RESET low after 1 RDCLKT and 2RESET low after 2RDCLKT§ 


6 



§ Requirement to count the clock edge as one of at least four needed to reset a FIFO 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, Cl = 50 pF (unless otherwise noted) (see Figure 4) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


MIN 


MAX 


UNIT 


fmax 


1WRTCLK, 2WRTCLK, 
or 1RDCLK, 2RDCLK 




22 


MHz 


tpd 


1 RDCLKt, 2RDCLKT 


1Q, 2Q 


2 


20 


ns 


tpd 


1 WRTCLKt, 2WRTCLKT 


1IR, 2IR 


1 20 


ns 


tpd 


1 RDCLKT, 2RDCLKT 


10R, 20R 


1 20 


ns 


tpd 


1 WRTCLKT, 2WRTCLKT 


1AF/AE, 2AF/AE 


3 


20 


ns 


1 RDCLKT, 2RDCLKT 


3 


20 


tPLH 


1 WRTCLKT, 2WRTCLKT 


1HF.2HF 


2 


20 


ns 


tPHL 


1 RDCLKT, 2RDCLKT 


3 


20 


tPLH 


1 RESET, 2RESET low 


1AF/AE, 2AF/AE 


1 


20 


ns 


tPHL 


1HF.2HF 


1 


20 



PARAMETER MEASUREMENT INFORMATION 

Clock Input 



From Output 
Under Test 



RL = 500 Q 



Cl = 50 pF 



Output 



I 



*! tPLH 



tPHL 



3V 

0V 

V 0H 

vol 



LOAD CIRCUIT VOLTAGE WAVEFORMS 

Figure 4. Load Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 

SINGLE FIFO SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 





18 


1 


io 


1 


14 


3 


12 


O 




>» 


10 


d> 


8 


e 
_8 


6 




4 




2 




0 



— f | s 1/2 
T A ~=7* 

- Ci = 0 










'clock 

>°c 


v< 


;C-5.5V 




dF — 

v c 


C = 5 V -= 






















; = 4.5V 








/ v c < 











































5 10 15 20 

f dock ~ Clock Frequency - MHz 
Figure 5 



25 



calculating power dissipation 

Data for Figure 5 is taken with one FIFO active and one FIFO idle on the device. The active FIFO has both writes 
and reads enabled with its read clock (RDCLK) and write clock (WRTCLK) operating at the rate specified by 
fciock- The data input rate and data output rate are half the f C | 0 ck rate » and the data output is disconnected. A 
close approximation to the total device power can be found by using Figure 5, determining the capacitive load 
on the data output and determining the number of SN74ACT2226/2228 inputs driven by TTL high levels. 

With lcc(f) taken from Figure 5, the maximum power dissipation (Pj) of one FIFO on the SN74ACT2226 or 
SN74ACT2228 can be calculated by: 

PT - Vcc x PcC(f) + (N x Alec * dc)] + (C L x V C c 2 * W 



where: 




N 


number of inputs driven by TTL levels 


Alec = 


increase in power supply current for each input at a TTL high level 


dc = 


duty cycle of inputs at a TTL high level of 3.4 V 


C L = 


output capacitive load 


fo = 


switching frequency of an output 
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APPLICATION INFORMATION 

An example of concentrating two independent serial-data signals into a single composite data signal with the use of 
an SN74ACT2226 or SN74ACT2228 device is shown in Figure 6. The input data to the FIFOs share the same average 
(mean) frequency and the mean frequency of the SYS_CLOCK is greater than or equal to the sum of the individual 
mean input rates. A single-bit FIFO is needed for each additional input data signal that is time-division multiplexed 
into the composite signal. 

The Fl FO memories provide a buffer to absorb clock jitter generated by the transmission systems of incoming signals 
and synchronize the phase-independent inputs to one another. FIFO half-full (HF) flags are used to signal the 
multiplexer to start fetching data from the buffers. The state of the flags can also be used to indicate when a FIFO 
read should be suppressed to regulate the output flow (pulse-stuffing control). The FIFO almost-full/almost-empty 
flags (AF/AE) can be used in place of the half-full flags to reduce transmission delay. 



f5V 



Serial 
Data 
Stream 

Serial 
Data 
Stream 



SN74ACT2226 
or 

SN74ACT2228 



1HF 

1WRTCLK 1RDCLK 
1WRTEN 1RDEN 
1D 1Q 



2WRTCLK 2RDCLK 
2WRTEN 2RDEN 
2D 2Q 
2HF 



SYS CLOCK 



READYJ 

SELECTJ 

DATA_1 

Time-Division 
Multiplexer 

SELECT_2 
DATA_2 
READY 2 



Composite 
Data Stream 



Figure 6. Time-Division Multiplexing Using the SN74ACT2226 or SN74ACT2228 
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Dual Independent FIFOs Organized as: 
64 Words by 1 Bit Each - SN74ACT2227 
256 Words by 1 Bit Each - SN74ACT2229 

Free-Running Read and Write Clocks Can 

Be Asynchronous or Coincident on Each 

FIFO 

Input-Ready Flags Synchronized to Write 
Clocks 

Output-Ready Flags Synchronized to Read 
Clocks 

Half-Full and Almost-Full/Almost-Empty 
Flags 

Characterized for Operation Over the 
Industrial Temperature Range: 
-40°C to 85°C 

Support Clock Frequencies up to 60 MHz 

Access Times of 9 ns 

3-State Data Outputs 

Low-Power Advanced CMOS Technology 

Available in 28-Pin SOIC (DW) Package 



DW PACKAGE 
(TOP VIEW) 





u 


1 


28 


2 


27 


3 


26 


4 


25 


5 


24 


6 


23 




22 


8 


21 


9 


20 


10 


19 


11 


18 


12 


17 


13 


16 


14 


15 



I10E 
1 1RDCLK 
llRDEN 
llOR 

|1Q 

I2RESET 

Ivcc 
v C c 

I2D 
I2IR 

I2WRTEN 
1 2WRTCLK 
1 2AF/AE 
I2HF 



description 



The SN74ACT2227 and SN74ACT2229 are dual FIFOs suited for a wide range of serial-data buffering 
applications including elastic stores for frequencies up to OC-1 telecommunication rates. Each FIFO on the chip 
is arranged as 64 x 1 (SN74ACT2227) or 256 x 1 (SN74ACT2229) and has control signals and status flags for 
independent operation. Output flags per FIFO include input ready (1 IR or 2IR), output ready (10R or 20R), 
half full (1 HF or 2HF), and almost full/almost empty (1 AF/AE or 2AF/AE). 

Serial data is written into a FIFO on the low-to-high transition of the write-clock (1 WRTCLK or 2WRTCLK) input 
when the write-enable (1WRTEN or 2WRTEN) input and input-ready flag (1IR or 2IR) output are both high. 
Serial data is read from a FIFO on the low-to-high transition of the read-clock (1 RDCLK or 2RDCLK) input when 
the read-enable (1RDEN or 2RDEN) input and output-ready flag (1 OR or 20R) output are both high. The read 
and write clocks of a FIFO can be asynchronous to one another. A FIFO data output (1Q or 2Q) is in the 
high-impedance state when its output-enable (10E or 20E) input is low. 

Each input-ready flag (1 IR or 2IR) is synchronized by two flip-flop stages to its write clock (1 WRTCLK or 
2WRTCLK) , and each output-ready flag (1 OR or 20R) is synchronized by three flip-flop stages to its read clock 
(1 RDCLK or 2RDCLK). This multistage synchronization ensures reliable flag-output states when data is written 
and read asynchronously. 

A half-full flag (1 HF or 2HF) is high when the number of bits stored in its FIFO is greater than or equal to half 
the depth of the FIFO. An almost-full/almost-empty flag (1 AF/AE or 2AF/AE) is high when eight or less bits are 
stored in its FIFO and when eight or fewer empty locations are left in the FIFO. A bit present on the data output 
is not stored in the FIFO. 

The SN74ACT2227 and SN74ACT2229 are characterized for operation from -40°C to 85°C. 

For more information on this device family, see the application report FIFOs With a Word Width of One Bit'm 
the 1 996 High-Performance FIFO Memories Designer's Handbook, literature number SCAA01 2A. 
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logic symbolst 



1 RESET 
1WRTCLK 
1WRTEN 
1RDCLK 
10E 
1RDEN 

1D 



2RESET 
2WRTCLK 
2WRTEN 
2RDCLK 
20E 
2RDEN 

2D 



27 



28 



26 



20 



RESET 

> WRTCLK 
WRTEN 

> RDCLK 
EN1 
RDEN 



FIFO 64x1 
SN74ACT2227 



IN RDY 
HALF FULL 
ALMOST FULL/EMPTY 
OUT RDY 



1V 



5 
1 
2 
25 



24 



23 IS 


RESET 

l> WRTCLK IN RDY 


19 


17 


18 


15 


13 


WRTEN HALF FULL 
> RDCLK ALMOST FULL/EMPTY 
EN2 0UT rdY 
RDEN 


16 


14 


11 


12 







2V\ 



10 



1IR 
1HF 
1AF/AE 
10R 



1Q 



2IR 
2HF 
2AF/AE 
20R 



2Q 



1 RESET 
1 WRTCLK 
1 WRTEN 
1 RDCLK 
10E 
1RDEN 

1D 



2RESET 
2WRTCLK 
2WRTEN 
2RDCLK 
20E 
2RDEN 

2D 



27 



28 



26 



RESET 
t> WRTCLK 
WRTEN 
t> RDCLK 
EN1 
RDEN 
D 



FIFO 256x1 
SN74ACT2229 



IN RDY 
HALF FULL 
ALMOST FULL/EMPTY 
OUT RDY 



1V 



5 
1 
2 
25 



24 



23 




RESET 
> WRTCLK 






17 




19 






IN RDY 


18 




WRTEN 


15 






HALF FULL 


13 




> RDCLK 


16 






ALMOST FULL/EMPTY 
OUT RDY 




14 




EN2 


11 


12 




RDEN 














20 






q 


— - 




[ J — 


2V 











1IR 
1HF 
1AF/AE 
10R 



1Q 



2IR 
2HF 
2AF/AE 
20R 



2Q 



t These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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SN74ACT2227 functional block diagram (each FIFO) 

OE 

D 



RDCLK - 
RDEN - 



WRTCLK - 
WRTEN - 



RESET • 



Synchronous 
Read Control 



Synchronous 
Write Control 



Reset Logic 



Read 
Pointer 



=> 



Write 
Pointer 



Status 



Location 1 



Location 2 



Dual-Port 
SRAM 
64x1 



Location 63 



Location 64 



Register 



Q 

AF/AE 
HF 
IR 
OR 



SN74ACT2229 functional block diagram (each FIFO) 

OE ; ■ 



RDCLK - 
RDEN - 

WRTCLK - 
WRTEN - 



RESET - 



Synchronous 
Read Control 



Synchronous 
Write Control 



Read 
Pointer 



=> 



Write 
Pointer 



Status 



Reset Logic 



Location 1 



Location 2 



Dual-Port 
SRAM 
256x1 



Location 255 



Location 256 



Register 



Q 

AF/AE 
HF 
IR 
OR 
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Terminal Functions 



TERMINAL 
NAME NO. 


I/O 


DESCRIPTION 


1AF/AE 2 
2AF/AE 16 


0 


Almost-full/almost-empty flag. AF/AE is high when the memory is eight locations or less from a full or empty 
state. AF/AE is set high after reset. 


1D 6 
2D 20 


I 


Data input 


GND 7,8 




Ground 


1HF 1 
2HF 15 


0 


Half-full flag. H F is high when the number of bits stored in memory is greater than or equal to half the Fl FO depth. 
HF is set low after reset. 


1IR 5 
2IR 19 


0 


Input-ready flag. IR is synchronized to the low-to-high transition of WRTCLK. When IR is low, the FIFO is full 
and writes are disabled. IR is set low during reset and is set high on the second low-to-high transition of 
WRTCLK after reset. 


10E 28 
20E 14 


I 


Output enable. The data output of a FIFO is active when OE is high and in the high-impedance state when OE 
is low. 


10R 25 
20R 11 


0 


Output-ready flag. OR is synchronized to the low-to-high transition of RDCLK. When OR is low, the FIFO is 
empty and reads are disabled. Ready data is present on the data output when OR is high. OR is set low during 
reset and set high on the third low-to-high transition of RDCLK after the first word is loaded to empty memory. 


1Q 24 
2Q 10 


0 


Data outputs. After the first valid write to empty memory, the first bit is output on the third rising edge of RDCLK. 
OR for the FIFO is asserted high to indicate ready data. 


1RDCLK 27 
2RDCLK 13 


I 


Read clock. RDCLK is a continuous clock and can be independent of any other clock on the device. A 
low-to-high transition of RDCLK reads data from memory when the FIFO RDEN and OR are high. OR is 
synchronous with the low-to-high transition of RDCLK. 


1RDEN 26 
2RDEN 12 


I 


Read enable. When the RDEN and OR of a FIFO are high, data is read from the FIFO on the low-to-high 
transition of RDCLK. 


1 RESET 9 
2RESET 23 


! 


Reset. To reset the FIFO, four low-to-high transitions of RDCLK and four low-to-high transitions of WRTCLK 
must occur while RESET is low. This sets HF, IR, and OR low and AF/AE high. Before it is used, a FIFO must 
be reset after power up. 


V C C 21,22 




Supply voltage 


1WRTCLK 3 
2WRTCLK 17 


I 


Write clock. WRTCLK is a continuous clock and can be independent of any other clock on the device. A 
low-to-high transition of WRTCLK writes data to memory when WRTEN and I R are high. I R is synchronous with 
the low-to-high transition of WRTCLK. 


1WRTEN 4 
2WRTEN 18 


I 


Write enable. When WRTEN and IR are high, data is written to the Fl FO on a low-to-high transition of WRTCLK. 
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WRTCLK 



WRTEN 




Figure 1. FIFO Reset 
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' ' 1 

RESET o 




DATA BIT NUMBER BASED ON FIFO DEPTH 



DEVICE 


DATA BIT 


A 


B 


C 


SN74ACT2227 


B33 


B57 


B65 


SN74ACT2229 


B129 


B249 


B257 



Figure 2. FIFO Write 
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D >d F 



RDCLK 



OR 

AF/AE 
HF 

IR 



B1 



-L 




B3 



DATA BIT NUMBER BASED ON FIFO DEPTH 



DEVICE 


DATA BIT 


A B C D E F 


SN74ACT2227 
SN74ACT2229 


B33 B34 B56 B57 B64 B65 
B129 B130 B248 B249 B256 B257 



Figure 3. FIFO Read 
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absolute maximum ratings over operating free-air temperature range (unless otherwise npted)t 



Supply voltage range, V<x • V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to Vcc + 0-5 V 

Output voltage range, Vq (see Note 1 ) -0.5 V to Vcc + °- 5 v 

Voltage applied to a disabled 3-state output 5.5 V 

Input clamp current, I|k (V| < 0 or V| > Vcc) ±20 mA 

Output clamp current, Iqk ( v O < 0 or Vq > Vcc) ±5 ° mA 

Continuous output current, lo (Vo = 0 to Vcc) ±50 mA 

Continuous current through Vcc or GND ±200 mA 

Operating free-air temperature range, 7a -40°C to 85°C 

Storage temperature range, T s t g -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output voltage ratings may be exceeded provided that the input and output current ratings are observed. 



recommended operating conditions 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 




4.5 


5.5 


V 


V|H 


High-level input voltage 




2 


V 


V|L 


Low-level input voltage 




0.8 


V 


'OH 


High-level output current 


Q outputs, Flags 


-8 


mA 


lOL 


Low-level output current 


Q outputs 


16 


mA 


Flags 


8 


T A 


Operating free-air temperature 




-40 


85 


°c 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP* 


MAX 


UNIT 


VOH 


Vcc = 4.5 V, 


lOH = - 8 mA 


2.4 


V 


vol 


Flags 


Vcc = 4.5 V, 


lOL = 8 mA 


0.5 


V 


Q outputs 


VCC = 4.5 V, 


IOL= 16 mA 


0.5 


ii 


VCC = 5.5 V, 


V| = Vccor0 


±5 


uA 


ioz 


VCC = 5.5 V, 


Vq = Vcc or 0 


±5 


uA 


ice 


V| = Vcc-0.2VorO 


400 


MA 


AICC § 


VCC - 5.5 V, 


One input at 3.4 V, Other inputs at Vcc or G ND 


1 


mA 


Cj 


V| = 0, 


f=1MHz 


4 


pF 


Co 


v 0 = o, 


f=1 MHz 


8 


pF 



$ All typical values are at Vcc = 5 V, T/\ = 25°C. 
§ This is the supply current when each input is at one of the specified TTL voltage levels rather than 0 V or Vcc- 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figures 1 through 3) 





MIM MAY 

MIlM MAa 


1 IMIT 

UNIT 


fclock Clock frequency 


60 


MHz 


t w Pulse duration 


1 WRTCLK, 2WRTCLK high or low 


5 


ns 


1 RDCLK, 2RDCLK high or low 


5 


t su Setup time 


1 D before 1 WRTCLKt and 2D before 2WRTCLKT 


4.5 


ns 


1 WRTEN before 1 WRTCLKt and 2WRTEN before 2WRTCLKT 




1 RDEN before 1 RDCLKT and 2RDEN before 2RDCLKT 


4 


1 RESET low before 1 WRTCLKT and 2RESET low before 2WRTCLKTT 


6 


1 RESET low before 1 RDCLKT and 2RESET low before 2RDCLKTT 


6 


t n Hold time 


1 D after 1 WRTCLKt and 2D after 2 WRTCLKt 


0 


ns 


1 WRTEN after 1 WRTCLKt and 2WRTEN after 2WRTCLKT 


0 


1 RDEN after 1 RDCLKt and 2RDEN after 2RDCLKt 


0 


1 RESET low after 1 WRTCLKT and 2RESET low after 2WRTCLKTt 


6 


1 RESET low after 1 RDCLKt and 2RESET low after 2RDCLKtt 


6 



t Requirement to count the clock edge as one of at least four needed to reset a FIFO 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 4) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


MIN MAX 


UNIT 


fmax 


1 WRTCLK, 2WRTCLK, 
or 1 RDCLK, 2RDCLK 




60 


MHz 


*Dd 


1 RDCLKt, 2RDCLKt 


1Q,2Q 


2 9 


ns 


tpd 


1 WRTCLKt, 2WRTCLKT 


1IR.2IR 


1 8 


ns 


tpd 


1 RDCLKt, 2RDCLKt 


10R, 20R 


1 8 


ns 


tpd 


1 WRTCLKt, 2WRTCLKt 


1AF/AE, 2AF/AE 


3 14 


ns 


1 RDCLKt, 2RDCLKt 


3 14 


tPLH 


1 WRTCLKt, 2WRTCLKt 


1HF.2HF 


2 12 


ns 


tPHL 


1 RDCLKt, 2RDCLKt 


3 14 


tPLH 




1AF/AE, 2AF/AE 


1 17 


ns 


tPHL 


1 RESET, 2RESET low 


1HF, 2HF 


1 18 


*en 


10E.20E 


1Q.2Q 


0 8 


ns 


tdis 


0 8 
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PARAMETER MEASUREMENT INFORMATION 



From Output 
Under Test 




R1 = R2 



Clock Input 



Test Point 
R2 Output 



LOAD CIRCUIT 



|« » j tpLH tpHL 



VOLTAGE WAVEFORMS 



3V 

•OV 

VOH 

•vol 



Input 



■1.5 V 



' l t PLZ -*>| 



/1.5 V 




Output 



\ 



I I 



1.5 V | 



3V 



OV 



*3.5V 



tpZH -H K" 



T - vol 

tpHZ -W K- L 0.3V 



Output 




VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 



VOH 



«0V 



PARAMETER 


R1.R2 


c L t 


S1 


*en 


tpZH 


500 Q 


50 pF 


Open 


tpZL 


Closed 


tdis 


tPHZ 


500 G 


50 pF 


Open 


tPLZ 


Closed 


tpd 


500 Q 


50 pF 


Open 



t Includes probe and test-fixture capacitance 
Figure 4. Load Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 



SINGLE FIFO SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 



40 



30 





















— vcc 


> = 5.5 V 








V CC = i 


























^vcc 


= 4.5 V 


































f| = 1/2 


f clock 
>°C 










-T A = 7e 

Cl = 0 



0 10 20 30 40 50 60 
f C lock - Clock Frequency - MHz 
Figure 5 



calculating power dissipation 

Data for Figure 5 is taken with one FIFO active and one FIFO idle on the device. The active FIFO has both writes 
and reads enabled with its read clock (RDCLK) and write clock (WRTCLK) operating at the rate specified by 
fclock- The data input rate and data output rate are half the f C lock rate > and the data output is disconnected. A 
close approximation to the total device power can be found by Figure 5, determining the capacitive load on the 
data output and determining the number of SN74ACT2227/2229 inputs driven by TTL high levels. 

With lcc(f) taken from Figure 5, the maximum power dissipation (Pj) of one FIFO on the SN74ACT2227 or 
SN74ACT2229 can be calculated by: 



PT - V C C x [ICG(f) + (N x Alec x dc)] + (C L x V CC 2 x f 0 ) 



where: 




N 


number of inputs driven by TTL levels 


Alec 88 


increase in power supply current for each input at a TTL high level 


dc = 


duty cycle of inputs at a TTL high level of 3.4 V 


C L = 


output capacitive load 


fo = 


switching frequency of an output 
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APPLICATION INFORMATION 



An example of concentrating two independent serial-data signals into a single composite data signal with the use of 
an SN74ACT2227 or SN74ACT2229 device is shown in Figure 6. The input data to the Fl FOs share the same average 
(mean) frequency and the mean frequency of the SYS_CLOCK is greater than or equal to the sum of the individual 
mean input rates. A single-bit FIFO is needed for each additional input data signal that is time-division multiplexed 
into the composite signal. 

The FIFO memories provide a buffer to absorb clock jitter generated by the transmission systems of incoming signals 
and synchronize the phase-independent inputs to one another. FIFO half-full (HF) flags are used to signal the 
multiplexer to start fetching data from the buffers. The state of the flags can also be used to indicate when a FIFO 
read should be suppressed to regulate the output flow (pulse-stuffing control). The FIFO almost-full/almost-empty 
flags (AF/AE) can be used in place of the half-full flags to reduce transmission delay. 



+ 5V 



Serial 
Data 
Stream 



Serial 
Data 
Stream 



SN74ACT2227 

or 

SN74ACT2229 



1HF 

1WRTCLK 1RDCLK 
1WRTEN 1RDEN 
1D 1Q 



2WRTCLK 2RDCLK 
2WRTEN 2RDEN 
2D 2Q 
2HF 



SYS CLOCK 



READYJ 
SELECTJ 
DATA_1 

Time-Division 
Multiplexer 

SELECT_2 
DATA_2 
READY 2 



Composite 
Data Stream 



Figure 6. Time-Division Multiplexing Using the SN74ACT2227 or SN74ACT2229 
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General Information 



1 



Telecom Single-Bit FIFOs 


2 


Reduced-Width FIFOs 




9-Bit Clocked/ Strobed FIFOs 


D 


8- and 0-Bit Asynchronous FIFOs 


5 


0-Bit Synchronous FIFOs 


6 


18-Bit Clocked FIFOs B 


18-Bit Strobed FIFOs 


8 


Multi-Q™ 18-Bit FIFO 


9 


3.3-V Low-Powered 18-Bit FIFOs 


10 


DSP 32- and 36-B!t Clocked FIFOs 


11 


Internetworking 36-Bit Clocked FIFOs 


12 


High-Bandwidth Computing 36-Bit Clocked FIFOs 


13 


Military FIFOs 


14 


Application Reports 


15 


Mechanical Data j 


16 
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REDUCED-WIDTH FIFOS 
Features Benefits 



Frequencies up to 40 MHZ 
3-state outputs 

Depths available from 1 6 to 64 words 

Package options include SOIC, PLCC, 
and DIP 



• Multiple frequencies for greater 
system-performance flexibility 

• Disable output from the data path 

• Shallow depths for elastic store 

• Multiple package options for high-volume 
production requirements 
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Independent Asynchronous Inputs and 
Outputs 

16 Words by 4 Bits 
Data Rates From 0 to 40 MHz 
Fall-Through Time . . . 14 ns Typ 
3-State Outputs 

Package Options Include Plastic 
Small-Outline Packages (DW), Plastic Chip 
Carriers (FN), and Standard Plastic 300-mil 
DIPS (N) 



description 



This 64-bit memory use advanced low-power 
Schottky technology and features high speed and 
fast fall-through times. It is organized as 1 6 words 
by 4 bits each. 

A first-in, first-out (FIFO) memory is a storage 
device that allows data to be written into and read 
from its array at independent data rates. This 
FIFO is designed to process data at rates from 0 
to 40 MHz in a bit-parallel format, word by word. 

Data is written into memory on a low-to-high 
transition at the load-clock (LDCK) input and is 
read out on a low-to-high transition at the 
unload-clock (UNCK) input. The memory is full 
when the number of words clocked in exceeds by 
16 the number of words clocked out. When the 
memory is full, LDCK signals have no effect on the 
data residing in memory. When the memory is 
empty, UNCK signals have no effect. 



DW OR N PACKAGE 
(TOP VIEW) 



OE [ 1 
FULL [ 2 
LDCK [ 3 
DO [ 4 
D1 [ 5 
D2 [ 6 
D3 [ 7 
GND [ 8 



TJ 



16 ] V CC 
15 ] UNCK 
14 ] EMPTY 
13 ]Q0 
12 ]Q1 
11 ]Q2 
10 ]Q3 
9 ]RST 



LDCK 
DO 
NC 
D1 



h 3 2 1 20 19 J cmdtv 
J 4 18[ EMPTY 



FN PACKAGE 
(TOP VIEW) 

LL O Z > U D 

UULJLJLJ 



17[ Q0 
16[ NC 
15[ Q1 

D2 fi8 14[ Q2 

M 9 10 11 12 13 M 

nnnnn 



]5 
]6 
]7 



CO Q Oil- 00 

Q z z J? O 

CD |DC 
NC - No internal connection 



Status of the FIFO memory is monitored by the F ULL and E MPTY output flags. The FULL output is low when 
the memory is full and high when it is not full. The EMPTY output is low when the memory is empty and high 
when it is not empty. 



A low level on the reset (RST) input resets the internal stack-control pointers and also sets EMPTY low and sets 
FULL hi gh. Th e Q outputs are not reset to any specific logi c level. T he first low-to-high transition on LDCK, after 
either a RST pulse or from an empty condition, causes EMPTY to go high and the data to appear on the 
Q outputs. It is important to note that the first word does not have to be unloaded. Data outputs are noninverting 
with respect t o the d at a inputs and are at high impedance when the output-enable (OE) input is low. OE does 
not affect the FULL or EMPTY output flags. Cascading is easily accomplished in the word-width direction but 
is not possible in the word-depth direction. 

The SN74ALS232B is characterized for operation from 0°C to 70°C. 



PRODUCTION DATA Information Is current as of publication data. — . Copyright © 1993, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments i/i 

standard warranty. Production processing does not necessarily Include wtt IVvAC 

testing of all parameters. J[ ^An^ 
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logic symbolt 



9 


FIFO 16x4 


S 2 


CTR 

CT = 0 

fCT - 161 G1 

>1(+/C2) (CT = 0)G3 
> 3- 


3 


14, 


15 


13 


1 


EN4 

h r 


4 


2D 4 V 


5 


12 




6 


11 




7 


10 









FULL 
EMPTY 



t This symbol is in accordance with ANSI/IEEE Standard 91-1984 and IEC Publication 617-12. The symbol is functionally accurate but does not 
show the details of implementation; for these, see the logic diagram. The symbol represents the memory as if it were controlled by a single counter 
whose content is the number of words stored at the time. Output data is invalid when the counter content (CT) is 0. 

Pin numbers shown are for the DW and N packages. 
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logic diagram (positive logic) 

=M> 



OE- 



LDCK- 



I — [7d 



M>° — ^ 



<3 



c s 



UNCK- 



C2 
2D 



RST 



R 




Ring 
Counter 

CTR 
DIV16 



1 
2 
3 
4 
5 
6 
7 

* 9 

10 

Write t1 
Address 12 
13 
14 



rC CT = 1 



Ring 
Counter 
CTR 
DIV16 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Read 11 
Address 12 
13 

<^CT = 1 15 
16 



16 



16. 



16, 



RAM 16 
EN 



1A 



x4 



16 

2A-^- 
* M 16 

<J> C3 



Pin numbers shown are for the DW and N packages. 
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timing diagram 



RST 



I 

LDCK I 



| W1 W2 W3 W1 W2 nT W15 W16 



UNCK 



I I 



Q0-Q3 l^y^i^Word 1 ^ / j C^wv^C W ° rd 1 



EMPTY 



FULL 



Word 2 Word 3 | 



ji_n_n_ 



dcxdc: 



Word 2 Word 3 W_/d 4 



Load 
W1 

Initialize Unload 
Pointers W2 



I 

Empty 



Full 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vcc • ■ • ■ 7 v 

Input voltage, V| 7 V 

Voltage applied to a disabled 3-state output 5.5 V 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. This is a stress rating only, and 
functional operation of the device at these or any other conditions beyond those indicated in the "recommended operating conditions" section of 
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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recommended operating conditions (see Note 1) 





MIN NOM 


MAX 


UNIT 


vcc 


Supply voltage 




4.5 5 


5.5 


V 


V|H 


High-level input voltage 




2 


V 


V|L 


Low-level input voltage 




0.8 


V 


•oh 


High-level output current 


Q outputs 


-2.6 


mA 


FULL, EMPTY 


-0.4 


'OL 


Low-level output current 


Q outputs 


24 


mA 


FULL, EMPTY 


8 


'clock 1 " 


Clock frequency 


LDCK 


0 


40 


MHz 


UNCK 


0 


40 






RSTlow 


18 








LDCK low 


15 




t w 


Pulse duration 


LDCK high 


10 


ns 






UNCK low 


15 








UNCK high 


10 






Setup time 


Data before LDCKt 


8 


ns 


*su 


LDCK inactive before RSTT 


5 


th 


Hold time 


Data after LDCKT 


5 


ns 


LDCK inactive after RSTT 


5 




Operating free-air temperature 




0 


70 


°C 



t The maximum possible clock frequency is 40 MHz. The maximum clock frequency when using a 50% duty cycle is 33.3 MHz. 

NOTE 1 : To ensure proper operation of this high-speed FIFO device, it is necessary to provide a clean signal to the LDCK and UNCK clock inputs. 

Any excessive noise or glitching on the clock inputs that violates limits for maximum V||_, minimum V|h, or minimum pulse duration can 

cause a false clock or improper operation of the internal read and write pointers. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt 


MAX 


UNIT 


V|K 


V C b = 4.5V, 


l|=-18mA 


-1.2 


V 


VOH 


Q outputs 


V C C = 4.5 V, 


l0H = -2.6 mA 


2.4 3.2 


V 


FULL, EMPTY 


Vqc = 4.5 V to 5.5 V, 


Iqh = -0.4 mA 


VCC-2 




Q outputs 


Vcc = 4.5 V 


lOL = 12 mA 


0.25 


0.4 




vol 


Iql = 24 mA 


0.35 


0.5 


V 


FULL, EMPTY 


VCC = 4.5 V 


'OL - 4 mA 


0.25 


0.4 




Iql = 8 mA 


0.35 


0.5 




bZH 


Vcc = 5.5 V, 


V 0 = 2.7 V 


20 


ma 


lOZL 


V C C = 5.5 V, 


Vq = 0.4 V 


-20 


HA 


ll 


V C C = 5.5 V, 


V| = 7 V 


0.1 


mA 


"IH 


VCC = 5.5 V, 


V| = 2.7 V 


20 


HA 


IlL 


VCC - 5.5 V, 


V| = 0.4 V 


-0.2 


mA 


io§ 


V C C = 5.5 V, 


Vq = 2.25 V 


-30 


-112 


mA 


'cc 


V C C = 5.5 V 


80 


125 


mA 



$ All typical values are at Vcc = 5 V, Ta = 25°C. 
§ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Iqs- 



Texas 
Instruments 



POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 3-7 



SN74ALS232B 

16x4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SCAS251 - FEBRUARY 1989 - REVISED SEPTEMBER 1993 



switching characteristics (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V CC = 5V, 
Cl = 50 pF, 
R1 =500Q, 
R2 = 500Q, 
Ta = 25°C 


Vqc = 4.5 V to 5.5 V, 

CL = 50pF, 

R1 = 500 Q, 

R2 = 500Q, 

T A = MIN to MAXt 


UNIT 








MIN TYP 


MAX 




MIN 


MAX 




*max 


LDCK, UNCK 




50 


40 


MHz 


tpd 


LDCKt 


AnyQ 


14 


23 




6 


30 


ns 


UNCKt 


15 


23 




6 


30 


tPLH 


i noi^T 

LUL»r\ 1 




13 


20 




5 


25 


ns 


*PHL 


UNCKT 


EMPTY 


15 


22 




6 


27 


tPHL 


RSTi 


EMPTY 


15 


21 




5 


26 


ns 


tPHL 


LDCKt 


FULL 


15 


22 




6 


27 


ns 


tp LH 


UNCKt 


FULL 


13 


20 




5 


25 


ns 


RSTi 


16 


23 




7 


28 


*en 


OEt 


Q 


5 


12 




1 


14 


ns 


tdis 


OEl 


Q 


5 


12 




1 


16 


ns 



t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
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PARAMETER MEASUREMENT INFORMATION 



S1 



From Output 
Under 



Test |~ 
C L = 5 0pF^ 

A) T1 



(see Note 



Open 



R1 =5000 



Test Point 



R2 = 500 Q 



SWITCH POSITION TABLE 



TEST 


S1 


tPLH 


Open 


tPHL 


Open 


tPZH 


Open 


tpZL 


Closed 


tPHZ 


Open 


tPLZ 


Closed 



LOAD CIRCUIT FOR 3-STATE OUTPUTS 



Timing 
Input 




VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note 



tPLH 
In-Phase 
Output 



k 



0.3 V 



3.5 V 
— 0.3 V 



1.3V I 



+!-■ tPHL 

V OH 
VL3V 



vol 



*PHL 



Out-of-Phase 
Output 



" \l3V 



H »j tpLH 

I/— V 0 H 
/1.3 V 

S vql 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



Hlgh-Level 
Pulse 




VOLTAGE WAVEFORMS 
PULSE DURATION 



Output 
Control 



Waveform 1 
S1 Closed 
(see Note C) 



3.5 V 



0.3 V 



Waveform 2 
S1 Open 
(see Note C) 




1— I— 3> 3.5 V 



tPZH 



0.3 V 
— OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 



NOTES: A. Cl includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Z 0 = 50 Cl, t r < 2 ns, tf < 2 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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• Asynchronous Operation 

• Organized as 64 Words by 4 Bits 

• Data Rates From 0 to 30 MHz 

• 3-State Outputs 

• Package Options Include Plastic 
Small-Outline Packages (DW), Plastic 
J-Leaded Chip Carriers (FN), and Standard 
Plastic 300-mil DIPs (N) 

description 

The SN74ALS234 is a 256-bit memory utilizing 
advanced low-power Schottky IMPACT™ 
technology. It features high speed with fast 
fall-through times and is organized as 64 words by 
4 bits. 

A first-in, first-out (FIFO) memory is a storage 
device that allows data to be written into and read 
from its array at independent data rates. The 
SN74ALS234 is designed to process data at rates 
from 0 to 30 MHz in a bit-parallel format, word by 
word. 

Data is written into memory on the rising edge of 
the shift-in (SI) input. When S! goes low, the first 
data word ripples through to the output (see 
Figure 1). As the FIFO fills up, the data words 
stack up in the order they were written. When the 
FIFO is full, additional shift-in pulses have no 



DW OR N PACKAGE 
(TOP VIEW) 



OE[ 


1 


u 

16 


]v cc 


IR[ 


2 


15 


]so 


Sl[ 


3 


14 


]OR 


DO t 


4 


13 


]Q0 


D1 [ 


5 


12 


]Q1 


D2 [ 


6 


11 


]Q2 


D3 [ 


7 


10 


]Q3 


GND [ 


8 


9 


] RST 



FN PACKAGE 
(TOP VIEW) 

O-lLLl O BO 

9= |0 ~z. ^> co 



SI ] 4 

DO ] 6 

NC ] 6 

D1 ]7 

D2 ]8 



LJLJLJL-ILJ 

3 2 1 20 19 



9 10 11 12 13 
nnnnn 



18[ OR 
17[ Q0 
16[ NC 
15[ Q1 
14[ Q2 



CO Q 

Q Z 



O H co 



NC - No internal connection 



effect. Data is shifted out of memory on the falling edge of the shift-out (SO) input (see Figure 2). When the FIFO 
is empty, addition al SO pulses have no effect. The last data word remains at the outputs until a new word falls 
through or reset (RST) goes low. 

Status of the SN74ALS234 FIFO memory is monitored by the output-ready (OR) and input-ready (IR) flags. 
When OR is high, valid data is available at the outputs. OR is low when SO is high and stays low when the FIFO 
is empty. IR is high when the inputs are ready to receive more data. IR is low when SI is high and stays low when 
the FIFO is full. 

When the FIFO is empty, input data is shifted to the output automatically when SI goes low. If SO is held high 
during this time, the OR flag pulses high indicating valid data at the outputs (see Figure 3). 

When the Fl FO is full, data can be shifted in automatically by holding SI high and taking SO low. One propagation 
delay after SO goes low, IR will go high. If SI is still high when IR goes high, data at the inputs are automatically 
shifted in. Since IR is normally low when the FIFO is full and SI is high, only a high-level pulse is seen on the 
IR output (see Figure 4). 
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description (continued) 

The FIFO must be reset after power up with a low-level pulse on the master reset (RST) input. This sets IR high 
and OR low signifying that the F IFO is empty. Resetting the FIFO sets the outputs to a low logic level (see 
Figure 1). If SI is high when RST goes high, the input data is shifted in and IR goes low and remains low until 
S' goes low. If SI goes low before RST goes high, the input data will not be shifted in and IR goes high. Data 
outputs are nqninverting with respect to the data inputs and are at high impedance when the output-enable (OE) 
input is high. OE does not affect the IR or OR. 

The SN74ALS234 is characterized for operation from 0°C to 70°C. 
logic symbolt 



si 



so 



15 



RST 

1 

OE — 



FIFO 64x4 



CTR 

5 + /C1 3CT > 0 

(CT > 0) G4 « • 



G2 
> 4- 
G3 

CT = 0 



2CT<64 
(CT < 64) G6 - • 



R 

EN6 



14 



OR 



IR 



DO 
D1 
D2 
D3 



4 


1D "16V 


13 


5 


12 




6 




11 




7 




10 











QO 
Q1 
Q2 
Q3 



t This symbol is in accordance with ANSI/IEEE Standard 91-1984 and IEC Publication 617-12. 

functional block diagram 



DO 
D1 
D2 
D3 



IR 



4 


FIFO 
Input 
Stage 




5 


6 


V 


7 







62x4 Bit 
Register 





13 


FIFO 
Output 
Stage 


12 


11 


10 









RST 



I 



z 



n 



QO 
Q1 
Q2 
Q3 



CM 


Input- 
Control 
Logic 




Register- 
Control 
Logic 




Output- 
Control 
Logic 


f 

CO 

















I 



< — — so 



14 



OR 



Pin numbers shown are for the DW and N packages. 
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timing diagram 



RST 



SI 



D3-D0 



OR 



run 



jVVT-P-t 



j I 



SO 



Q3-Q0 



— r^q — ri- 



IR 



1 L 



i j i \ j 

^ ^ord2j Invalldt ^ l ^""word1* "^ | ^ Word 2 Word 3 



ZL 



I I 
I I 

Clear I 

Shift In 
W1 



UTL 



Shift Out 
W2 



i n 1*1 n h 



I 
I 

Full 



Empty 



t The last data word shifted out of the FIFO remains at the output until a new word falls through or a RST pulse clears the FIFO. 
$ While the output data is considered valid only when the OR flag is high, the stored data remains at the outputs. Any additional words written into 
the FIFO will stack up behind the first word and will not appear at the output until SO is taken low. 
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RST 



SI 



D3-D0 



IR Full 



OR 



Q3-Q0 



NOTE: SO is low. 



SO 



OR 



IR 



* *su 



■ *su ■ 



X 



X 



j — i r 



tPHL^ 



- tpLH ■ 



I ] Empty 

I 

k-tp d - 



r 



■tpd- 



z 



Figure 1. Master Reset and Data-in Waveforms 



j« *PLH J 



1 r 



- tpLH - 



■ tpHL " 



I- 



Full 



— *j *d(SOL-QX) 



Q3-Q0 



tdis -i f-J ^-«e„ r 



51 _TL 



■t^ — j 



NOTE: SI is low. 



Figure 2. Data-Out Waveforms 
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OR Empty 



j* *| td(QV-ORH) 

Q3_Q0 Invalid Y 



Figure 3. Data Fall-Through Waveforms 



so 



SI 



h-tpLH-w 



|R Full Full 



D3-D0 



Figure 4. Automatic Data-in Waveforms 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vcc (see Note 1) 7 V 

Input voltage, V| 7 V 

Voltage applied to a disabled 3-state output 5.5 V 

Operating free-air temperature range, 0°C to 70° 

Storage temperature range -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to GND. 
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recommended operating conditions 





MIN 


NOM MAX 


UNIT 


vcc 


Supply voltage 






4.5 


5 5.5 


V 


V|H 


High-level input voltage 






2 


V 


V|L 


Low-level input voltage 






0.8 


V 


'OH 


Hinh-lAVftl ontnnt niirrftnt 


Q outputs 


-2.6 


mA 


IR and OR 


-0.4 


"OL 


Low-level output current 


Q outputs 


24 


mA 


IR and OR 


8 


fclock 


Clock frequency 


SI or SO 


0 


30 


MHz 


t w 


Pulse duration 


SI or SO 


High or low 


15 


ns 


RST 


Low 


15 




Setup time before Sit 


Data 


0 


ns 


*su 


RST 


High (inactive) 


15 


th 


Hold time, data after Sit 






17 


ns 


TA 


Operating free-air temperature 






0 


70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


V|K 


V C C = 4.5 V, 


l| =-18mA 


-1.2 


V 




AnyQ 


V C C = 4.5 V 


| 0 h = -1 mA 






V 0 H 


lOH = -2.6 mA 


2.4 


3.2 




V 




IR, OR 


V C C -4.5 V, 


(OH = -°-4 mA 


2.7 


3.4 








AnyQ 


V C C -4.5 V 


IOL=12mA 




0.25 


0.4 




vol 


lOL - 24 mA 




0.35 


0.5 


V 


IR, OR 


Vcc - 4.5 V 


lOL = 4 mA 




0.25 


0.4 




lOL - 8 mA 




0.35 


0.5 




'OZH 


Vcc - 5.5 V, 


Vo = 2.7V 


20 


HA 


lOZL 


V C C = 5.5 V, 


Vo = 0.4 V 


-20 


HA 


l| 


Vcc - 5.5 V, 


V| = 7V 


0.1 


mA 


llH 


VCC -5.5 V, 


V| = 2.7V 


20 


JiA 


i|L 


VCC - 5.5 V, 


V| = 0.4 V 


-0.1 


mA 


»6* 


V C C - 5.5 V, 


Vo = 2.25 V 


-30 




-112 


mA 








Low 




100 


145 




'cc 




Vcc -5.5 V 


High 




97 


142 


mA 








Disabled 




103 


148 





t All typical values are at Vcc - 5 V, Ta « 25°C. 

♦ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Iqs- 
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switching characteristics (see Figure 5) 



PARAMETER 


FROM 
(INPUT) 




TO 
(OUTPUT) 


V C C = 5 V, 
C L = 50 pF, 
R1 = 500 a, 
R2 = 500 Q, 
T A = 25°C 


Vcc = 4.5 V to 5.5 V, 

Cl = 50 pF, 

R1 = 500 £2, 

R2 = 500 Q, 

Ta = MIN to MAXt 


UNIT 










MIN TYP 


MAX 




MIN 


MAX 




fmax 


SI 


35 


30 


MHz 


SO 


35 


30 


tw+ 


IR high 


15 


8 


ns 


tw§ 


OR high 


19 


8 


ns 


td(QV-ORH) 


Q valid before OR? 


6 


9 


-5 12 


ns 


td(SOL-QX) 


Q valid after SOi 


13 


4 


ns 


tpd 


S\i 


Q 


600 


800 




350 


1000 


ns 


tPHL 


SIT 


IR 


20 


26 




8 


30 


ns 


tpiJH 


S\i 


16 


21 




6 


25 


tPLH 11 


S\i 


OR 


600 


800 




350 


1000 


ns 


tpd 


SOi 


Q 


13 


17 




4 


22 


ns 


tPHL 


sot 


OR 


23 


27 




7 


33 


ns 


tPLH 


SOi 


20 


24 




6 


30 


tPLH 11 


sol 


IR 


600 


800 




350 


1000 


ns 


tPHL 


RSTi 


OR 


22 


26 




10 


34 


ns 


tPLH 


IR 


17 


21 




6 


27 


tPHL 


RSTi 


Q 


14 


17 




5 


19 


ns 


*dis 


OET 


Q 


7 


13 




2 


15 


ns 


*en 


OEl 


Q 


6 12 




2 


13 


ns 



t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$ The IR output pulse occurs when the FIFO is full, SI is high, and SO is pulsed (see Figure 4). 
§ The OR output pulse occurs when the FIFO is empty, SO is high, and SI is pulsed (see Figure 3). 
If Data throughput or fall-through times 
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PARAMETER MEASUREMENT INFORMATION 



7V 



S1 



From Output 
Under 



Test T~ 
C L = 50pF^ 



(see Note 



A| T_ 



Open 



R1 = 500 Q 



Test Point 



R2 = 500Q 



SWITCH POSITION TABLE 



TEST 


S1 


tPLH 


Open 


tPHL 


Open 


tpZH 


Open 


tpZL 


Closed 


tPHZ 


Open 


tPLZ 


Closed 



LOAD CIRCUIT FOR 3-STATE OUTPUTS 



Timing 
Input 




VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note B) 



tPLH 

In-Phase 
Output 



J 1.3 V 

-A 



- 3.5 V 



1.3 V 



0.3 V 



1.3 V | \^L3 



tPHL -U H 



tPHL 

VOH 
1.3 V 

vol 

tPLH 



I 



Out-of-Phase 
Output 



^1.3V j fvbV 



VOH 

vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



High-Level 
Pulse 




_ 0.3 V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



Output 
Control 



1.3V 



/l.3V 

iL_ _ 



tPZL" 



Waveform 1 
S1 Closed 
(see Note C) 



I 

-►I N- *PLZ 

Tl- 



I L 



3.5 V 

0.3 V 
3.5 V 



tPZH 



tPHZ ->| H" 0.3 V 



Waveform 2 
S1 Open 
(see Note C) 




VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 



NOTES: A. C[_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Z 0 = 50 CI, t r < 2 ns, tf < 2 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 5. Load Circuit and Voltage Waveforms 
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APPLICATION INFORMATION 



IR 



SI 



IR 
SI 
DO 
D1 
D2 
D3 



SO 
OR 
QO 
Q1 
Q2 
Q3 



RST 



IR 
SI 
DO 
D1 
D2 
D3 



SO 
OR 
QO 
Q1 
Q2 
Q3 



RST 



IR 
SI 
DO 
D1 
D2 
D3 



SO 
OR 
QO 
Q1 
Q2 



RST 



IR 
SI 
DO 
D1 
D2 
D3 



SO 
OR 
QO 
Q1 
Q2 
Q3 



RST 



IR 


SO 


SI 


OR 


DO 


QO 


D1 


Q1 


D2 


Q2 


D3 


Q3 




RST 



-f — 4- 



IR 
SI 
DO 
D1 
D2 



D3 



SO 
OR 
QO 
Q1 
Q2 
Q3 



RST 



IR 
SI 
DO 
D1 
D2 
D3 



SO 
OR 
QO 
Q1 
Q2 
Q3 



RST 



IR 
SI 
DO 
D1 
D2 
D3 



SO 
OR 
QO 
Q1 
Q2 
Q3 



RST 



IR 
SI 
DO 
D1 
D2 
D3 



SO 
OR 
QO 
Q1 
Q2 
Q3 



RST 



SO 



OR 



RST 



Figure 6. 192-Word by 12-Bit Expansion 
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Asynchronous Operation 
Organized as 64 Words by 4 Bits 
Data Rates From 0 to 30 MHz 
3-State Outputs 

Package Options Include Plastic 
Small-Outline Packages (DW), Plastic 
J-Leaded Chip Carriers (FN), and Standard 
Plastic 300-mil DIPs (N) 



description 



DW OR N PACKAGE 
(TOP VIEW) 




GND [ 8 



FN PACKAGE 
(TOP VIEW) 



o o Bo 

Z! 2> 00 



SI ] 4 

DO ] 5 

NC ] 6 

D1 ]7 

D2 ]8 



or 

LJLJL-ILJLJ 

3 2 1 20 19 



9 10 11 12 13 

nnnnn 



18[ 
17[ 
16[ 
15[ 

14[ Q2 



OR 
Q0 
NC 
Q1 



55 o O h- 52 

q z z w a 

CD ICC 
NC - No internal connection 



The SN74ALS236 is a 256-bit memory utilizing 
advanced low-power Schottky IMPACT™ 
technology. It features high speed with fast 
fall-through times and is organized as 64 words by 
4 bits. 

A first-in, first-out (FIFO) memory is a storage 
device that allows data to be written into and read 
from its array at independent data rates. The 
SN74ALS236 is designed to process data at rates 
from 0 to 30 MHz in a bit-parallel format, word by 
word. 

Data is written into memory on the rising edge of 
the shift-in (SI) input. When SI goes low, the first 
data word ripples through to the output (see 
Figure 1). As the FIFO fills up, the data words 
stack up in the order they were written. When the 
FIFO is full, additional shift-in pulses have no 
effect. Data is shifted out of memory on the falling 

edge of the shift-out (SO) input (see Figure 2). When the FIFO is empty, addition al SO pulses have no effect. 
The last data word remains at the outputs until a new word falls through or reset (RST) goes low. 

Status of the SN74ALS236 FIFO memory is monitored by the output-ready (OR) and input-ready (IR) flags. 
When OR is high, valid data is available at the outputs. OR is low when SO is high and stays low when the FIFO 
is empty. IR is high when the inputs are ready to receive more data. IR is low when SI is high and stays low when 
the FIFO is full. 

When the FIFO is empty, input data is shifted to the output automatically when SI goes low. If SO is held high 
during this time, the OR flag pulses high indicating valid data at the outputs (see Figure 3). 

When the FIFO is full, data can be shifted in automatically by holding SI high and taking SO low. One propagation 
delay after SO goes low, IR will go high. If SI is still high when IR goes high, data at the inputs are automatically 
shifted in. Since IR is normally low when the FIFO is full and SI is high, only a high-level pulse is seen on the 
IR output (see Figure 4). 



IMPACT is a trademark of Texas Instruments Incorporated. 



production data information is current as of publication date. Ba Copyright © 1993, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments W>im 
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description (continued) 

The FIFO must be reset after power up with a low-level pulse on the master reset (RST) Input. This sets IR high 
and OR low signifying that the F IFO is empty. Resetting the FIFO sets the outputs to a low logic level (see 
Figure 1). If SI is high when RST goes high, the input data is shifted in and IR goes low and remains low until 
SI goes low. If SI goes low before RST goes high, the input data will not be shifted in and IR goes high. Data 
outputs are noninverting with respect to the data inputs. 

The SN74ALS236 is characterized for operation from 0°C to 70°C. 
logic symbolt 



si 



so 



RST 

DO 
D1 
D2 
D3 



15 



FIFO 64 x 4 



CTR 



> 5 + /C1 
G2 

> 4- 
G3 

CT = 0 



3CT>0 
(CT > 0) G4 

2CT < 64 
(CT < 64) G5 



14 



OR 



IR 



4 


id n 


13 


5 


12 




6 


11 




7 


10 









QO 
Q1 
Q2 
Q3 



t This symbol is in accordance with ANSI/IEEE Standard 91-1984 and IEC Publication 617-12. 

functional block diagram 



DO 
D1 
D2 
D3 



IR 



SI 



4 


FIFO 
Input 
Stage 




5 


6 


V 


7 







62x4 Bit 
Register 





13 


FIFO 
Output 
Stage 


12 


11 


10 





RST 



I 



z 



n 



QO 
Q1 
Q2 
Q3 



— 


Input- 




Register- 




Output- 




Control 




Control 




Control 


3 


Logic 




Logic 




Logic 











I 



so 



14 



OR 



Pin numbers shown are for the DW and N packages. 
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timing diagram 



RST 



IR 



OR 



~i_r 



jxtl 



JVVT-P-r 



SO 



Q3-Q0 



i i 



-LI 



i i 



n 



ford 2 1 Invalidt 



Word 1* 



ZL 



Clear 



Shift In 
W1 



Shift Out 
W2 



T_nj*i_n 

i i 

_n n 



"N^ Word 3 
-/j> 



u 



Full 



Empty 



t The last data word shifted out of the FIFO remains at the output until a new word falls through or a RST pulse clears the FIFO. 
$ While the output data is considered valid only when the OR flag is high, the stored data remains at the outputs. Any additional words written into 
the FIFO will stack up behind the first word and will not appear at the output until SO is taken low. 
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RST 



SI 



D3-D0 



IR Full 



OR 



Q3-Q0 



NOTE A: SO is low. 



SO 



OR 



IR 



Q3-Q0 



NOTE A: SI is low. 



N — *su — H 



x 



x 



N" tPHL -+I k- tpLH -M 



j — i r 



tPHL-^| 



- tPLH 



"1 Empty 



-tpd- 



tpd- 



Figure 1. Master Reset and Data-in Waveforms 



- tpLH - — J 



1 r 



- tPLH " 



|«— tPHL — *\ 



Full 



td(SOL-QX) 



D C 



-tpd- — h 



Figure 2. Data-Out Waveforms 
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Q3-Q0 



Figure 3. Data Fall-Through Waveforms 



so 



I 

1 

I 



IR Full Full 



I L 



D3-D0 ^ 

Figure 4. Automatic Data-in Waveforms 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, V<x (see Note 1 ) 7 V 

Input voltage, V| 7 V 

Operating free-air temperature range, TX 0°C to 70° 

Storage temperature range -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to GND. 
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recommended operating conditions 





MIN 


NOM MAX 


UNIT 


vcc 


Supply voltage 






4.5 


5 5.5 


V 


V|H 


High-level input voltage 






2 


V 


V|L 


Low-level input voltage 






0.8 


V 


'OH 


High-level output current 


Q outputs 


-2.6 


mA 


IR and OR 


-0.4 


lOL 


Low-level output current 


Q outputs 


24 


mA 


IR and OR 


8 


fclock 


Clock frequency 


SI or SO 


0 


30 


MHz 


t w 


Pulse duration 


SI or SO 


High or low 


15 


ns 


RST 


Low 


15 




Setup time before SIT 


Data 


0 


ns 


*su 


RST 


High (inactive) 


15 


th 


Hold time, data after Sit 






17 


ns 




Operating free-air temperature 






0 


70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


V|K 


VCC - 4.5 V, 


l| = -18mA 


-1.2 


V 




Any Q 


VCC = 4.5 V 


Iqh = -1 mA 






VOH 


lOH = -2.6 mA 


2.4 


3.2 




V 




IR, OR 


Vcc = 4.5 V, 


lOH = -°-4 mA 


2.7 


3.4 








Any Q 


Vcc = 4.5 V 


Iql = 12 mA 




0.25 


0.4 




vol 


lOL = 24 mA 




0.35 


0.5 


V 


IR, OR 


V C C = 4.5 V 


lOL = 4 mA 




0.25 


0.4 




lOL = 8 mA 




0.35 


0.5 




ii 


Vcc = 5.5 V, 


V| = 7V 


0.1 


mA 


l|H 


Vcc = 5.5 V, 


V| = 2.7V 


20 


HA 


IlL 


Vcc = 5.5 V, 


V| = 0.4 V 


-0.1 


mA 




V C C = 5.5 V, 


Vq = 2.25 V 


-30 




-112 


mA 


ice 


Vcc = 5.5 V 


Low 




100 


145 


mA 


High 




97 


142 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

t The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Iqs- 
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switching characteristics (see Figure 6) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
C|_ = 50 pF, 
R1 =500a, 
R2 = 500 Q, 
T/^ = 25°C 


Vcc = 4-5Vto 5.5 V, 

U|_ = 50 pr, 
R1 = 500 Q, 
R2 = 500 Q, 
Ta = MIN to MAXt 


UNIT 


MIN TYP MAX 


MIN MAX 


fmax 


SI 


35 


30 


MHz 


SO 


35 


30 


twT- 


IR high 


15 


8 


ns 


tws 


OR high 


19 


8 


ns 


td(QV-ORH) 


Q valid before ORT 


6 9 


-5 12 


ns 


td(SOL-QX) 


Q valid after SOi 


13 


4 


ns 


tpd 


Sli 


Q 


600 800 


350 1000 


ns 


tPHL 


SIT 


IR 


20 26 


8 30 


ns 


tpLH 


Sli 


16 21 


6 25 


tpLH # 


SM 


OR 


600 800 


350 1000 


ns 


tpd 


SOi 


Q 


13 17 


4 22 


ns 


tPHL 


SOT 


OR 


23 27 


7 33 


ns 


tPLH 


SOi 


20 24 


6 30 


tPLH # 


sol 


IR 


600 800 


350 1000 


ns 


tPHL 


RSTl 


OR 


22 26 


10 34 


ns 


tPLH 


IR 


17 21 


6 27 


tPHL 


RST4 


Q 


14 14 17 


5 19 


ns 



t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
i The IR output pulse occurs when the FIFO is full, SI is high, and SO is pulsed (see Figure 4). 
§The OR output pulse occurs when the FIFO is empty, SO is high, and SI is pulsed (see Figure 3). 
1f Data throughput or fall-through times 
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APPLICATION INFORMATION 



IR 



SI 



IR 
SI 
DO 
D1 
D2 
D3 



SO 
OR 
QO 
Q1 
Q2 
Q3 



RST 



IR 
SI 
DO 
D1 
D2 
D3 



SO 
OR 
QO 
Q1 
Q2 
Q3 



RST 



IR 
SI 
DO 
D1 
D2 
D3 



SO 
OR 
QO 
Q1 
Q2 
Q3 



RST 



IR 
SI 
DO 
D1 
D2 
D3 



SO 
OR 
QO 
Q1 
Q2 
Q3 



RST 



IR 
SI 
DO 
D1 
D2 
D3 



SO 
OR 
QO 
Q1 
Q2 
Q3 



RST 



IR 
SI 
DO 
D1 
D2 
D3 



SO 
OR 
QO 
Q1 
Q2 
Q3 



RST 



IR 
SI 
DO 
D1 
D2 
D3 



SO 
OR 
QO 
Q1 
Q2 
Q3 



RST 



IR 
SI 
DO 
D1 
D2 
D3 



SO 
OR 
QO 
Q1 
Q2 
Q3 



RST 



IR 
SI 
DO 
D1 
D2 
D3 



SO 
OR 
QO 
Q1 
Q2 
Q3 



RST 



SO 



fD-°- 



RST 



Figure 5. 192-Word by 12-Bit Expansion 
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PARAMETER MEASUREMENT INFORMATION 



S1 



From Output 
Under Test 



C L = 50p. 
(see Note A) |^ 



Open 



R1 = 500 Q 



Test Point 



R2 = 500 Q 



SWITCH POSITION TABLE 



TEST 


S1 


tPLH 


Open 


tPHL 


Open 


tPZH 


Open 


tpZL 


Closed 


tPHZ 


Open 


tPLZ 


Closed 



LOAD CIRCUIT FOR 3-STATE OUTPUTS 



Timing 
Input 




VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note 



tPLH 
In-Phase 
Output 



0.3 V 



— 3.5 V 



1.3 V 



0.3 V 



tPHL 
VOH 



' — — 

1.3V | \ 1.3V 



tPHL 



Out-of-Phase 
Output 



1.3 V 



vol 

N *j- tPLH 

\r — vqh 

1.3 V 



f - - - vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



High-Level 
Pulse 




VOLTAGE WAVEFORMS 
PULSE DURATION 



Output 
Control 



Waveform 1 
S1 Closed 
(see Note C) 




tpZH "H 



L Jk-. 



Waveform 2 
S1 Open 
(see Note C) 



f 1.3 V V— 0- 



3.5 V 



0.3 V 



3.5 V 



VQH 



3 V 
0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Z 0 = 50 Q, t r < 2 ns, tf < 2 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 6. Load Circuit and Voltage Waveforms 
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N PACKAGE 
fTOP VIEW) 



CLKA [ 1 
IR [ 2 
UNCK OUT [ 3 
DO [ 4 
D1 [ 5 
D2 [ 6 
D3 [ 7 
_D4 [ 8 
OE [ 9 
GND [ 10 



20 ] V CC 
19 ] CLKB 
18 ] CLR 
17 ] OR 
16] UNCK IN 
15 ]Q0 
14 ]Q1 
13]Q2 
12 ]Q3 
11 ]Q4 



• Independent Asychronous Inputs and 
Outputs 

• 16 Words by 5 Bits 

• DC to 10-MHz Data Rate 

• 3-State Outputs 

• Packaged in Standard Plastic 300-mil DIPs 
description 

This 80-bit active-element memory is a monolithic 
Schottky-clamped transistor-transistor logic 
(STTL) array organized as 16 words by 5 bits. A 
memory system using the SN74S225 can easily 
be expanded in multiples of 1 6 words or of 5 bits 
as shown in Figure 2. The 3-state outputs 
controlled by a single output-enable (OE) input 
make bus connection and multiplexing easy. 

A first-in, first-out (FIFO) memory is a storage device that allows data to be written into and read from its array 
at independent data rates. This FIFO is designed to process data at rates from dc to 10 MHz in a bit-parallel 
format, word by word. 

Reading or writing is done independently utilizing separate asynchronous data clocks. Data can be written into 
the array on the low-to-high transition of either load-clock (CLKA, CLKB) input. Data can be read out of the array 
on the low-to-high transition of the unload-clock (UNCK IN) input (normally high). Writing data into the FIFO can 
be accomplished in one of two manners: 

1 . In applications not requiring a gated clock control, best results will be achieved by applying the clock 
input to one of the clocks while tying the other clock input high. 

2. In applications needing a gated clock, the load clock (gate control) must be high in order for the FIFO to 
load on the next clock pulse. 

CLKA and CLKB can be used interchangeably for either clock gate control or clock input. 

Status of the SN74S225 is provided by three outputs. The input-ready (IR) output monitors the status of the last 
word location and signifies when the memory is full. This output is high whenever the memory is available to 
accept any data. The unload-clock (UNCK OUT) output also monitors the last word location. This output 
generates a low-logic-level pulse (synchronized to the internal clock pulse) when the location is vacant. The third 
status output, output ready (OR), is high when the first word location contains valid data and UNCK IN is high. 
When UNCK IN goes low, OR will go low and stay low until new valid data is in the first word position. The first 
word location is defined as the location from which data is provided to the outputs. 

The data outputs are noninverted with respect to the data inputs and are 3-state with a common control input 
(OE). When OE is low, the data outputs are enabled to function as totem-pole outputs. A high logic level f orces 
each data output to a high-impedance state while all other inputs and outputs remain active.The clear (CLR) 
input invalidates all data stored in the memory array by clearing the control logic and setting OR to a low logic 
level on the high-to-low transition of a low-active pulse. 

The SN74S225 is characterized for operation from 0°C to 70°C. 
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logic symbolt 



OE 
UNCK IN 

CLR 

CLKA 
CLKB 

DO 
D1 
D2 
D3 
D4 



16 



18 



19 



FIFO 16x5 



EN6 
Z1 



> 3- CTR 

CT = 0 CT<16+G2 
CT>0 

t> 2+ 



& 



> 2 



1.TL 



2 

5,2 
1,3 



G3 



C4 

OZ5 



17 



4 


4D 6 V 


16 


5 


15 




6 




13 




7 




12 




8 




11 











UNCK OUT 

IR 

OR 



QO 
Q1 
Q2 
Q3 
Q4 



t This symbol is in accordance with ANSI/IEEE Standard 91-1984 and IEC Publication 617-12. 
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schematics of inputs and outputs 



EQUIVALENT OF ALL INPUTS 
EXCEPT DATA INPUTS 




m 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, V<x (see Note 1) 7 V 

Input voltage, V| . 5.5 V 

Off-state output voltage 5.5 V 

Operating free-air temperature range, Ta 0°C to 70° 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to GND. 
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recommended operating conditions 





MIN NOM 


MAX 


UNIT 


vcc 


Supply voltage 




4.75 5 


5.25 


V 


V|H 


High-level input voltage 




2 


V 


V|L 


Low-level input voltage 




0.8 


V 


'Un 


High-level output current 


Q outputs 


-6.5 


mA 


All other outputs 


-3.2 


"OL 


Low-level output current 


Q outputs 


16 


mA 


All other outputs 


8 






CLKA orCLKB high 


25 




t w 


Pulse duration 


UNCK IN low 


7 


ns 






CLRlow 


40 




*su 


Set up time before CLKAT or CLKBT 


Data (see Note 2) 


-20 


ns 


CLR inactive 


25 


th 


Hold time after CLKAt or CLKBT 




70 


ns 




Operating free-air temperature 




0 


70 


°C 



NOTE 2: Data must be set up within 20 ns after the load clock positive transition. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


V|K 


VCC = 4.75 V, 


l| = -18mA 


-1.2 


V 


VOH 


Q outputs 


VCC = 4 -75 V, 


l0L = -6.5 mA 


2.4 


2.9 




V 


All others 


VCC 55 4 -75 V, 


Iql - -3- 2 mA 


2.4 


2.9 




vol 


Q outputs 


VCC = 4.75 V, 


IOL= 16 mA 




0.35 


0.5 


V 


All others 


Vcc = 4-75 V, 


Iql = 8 mA 




0.35 


0.5 


'OZH 


Vcc = 5 -25 V, 


V 0 = 2.4 V 


50 


MA 


'OZL 


V C C = 5.25 V, 


V 0 = 0.5 V 


-50 


ma 


l| 


Vcc = 5.25 V, 


V| = 5.5 V 


1 


mA 


l|H 


Data 


Vcc = 5.25 V, 


V| = 2.7 V 


40 




All others 


25 


IlL 


Data 


Vcc - 5-25V, 


V| = 0.5 V 


-1 


mA 


All others 


-0.25 


ios* 


V C c = 5.25 V, 


V O = 0 


-30 




-100 


mA 


icc§ 


Vcc = 5.25 V 




80 


120 


mA 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

t Duration of the short circuit should not exceed one second. 

§ Ice is measured with all inputs grounded and the output open. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 




CLKA 






10 


20 






'max 


CLKB 




Cl = 30 pF 


10 


20 




MHz 




UNCK IN 




10 


20 






l W 


UNCK OUT 






7 


14 




ns 


*dis 


OE 


Any Q 


C|_ = 5 pF 




10 


25 


ns 


T en 


uc 


Any Q 






25 


40 




tPLH 


UNCK IN 


AnyQ 






ou 


/ o 


ns 


tPHL 






ou 


fO 


*PLH 


\j\-X\J\ Or OLr\D 


OP 






iyu 


ouu 


ns 


tDI w 
TLn 


UNCK IN 


OR 






40 


60 


ns 


tPHL 






30 


45 




CLR 


OR 


Cl = 30 pF 




35 


60 




tPHL 


CLKA or CLKB 


UNCK OUT 






25 


45 


ns 


UNCK IN 






270 


400 




CLKA or CLKB 


IR 






55 


75 






UNCK IN 


IR 






255 


400 




tPLH 


CLR 






16 


35 


ns 




ORt 


AnyQ 






10 


20 





t All typical values are at Vfjc = 5 V, Ta = 25°C. 
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PARAMETER MEASUREMENT INFORMATION 



S1 



From Output 
Under 



Test T~ 
C L = 50 pF ;4_ 



(see Note 



Open 



R1 = 500 Q 



Test Point 



R2 = 500 Q 



SWITCH POSITION TABLE 



TEST 


S1 


tPLH 


Open 


tPHL 


Open 


tpZH 


Open 


tPZL 


Closed 


tPHZ 


Open 


tPLZ 


Closed 



LOAD CIRCUIT FOR 3-STATE OUTPUTS 



Timing 
input 



tsu -W- 



Data 
Input 



I.3V 

A- 

-tf — H- 



3.5 V 

0.3 V 
- 3.5 V 



0.3 V 



VOLTAGE WAVEFORMS 
SET UP AND HOLD TIMES 



Input 
(see Note B) 



tPLH 
In- Phase 
Output 



V 1.3 V 

-A 



tPHL -k — H 



Out-of-Phase 
Output 



3.5 V 

1.3 V 

0.3 V 

k tPHL 

'--Voh 
1.3 V 

vol 

*j- tpLH 

i/— vqh 

1.3 V 



vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



High-Level 
Pulse 




VOLTAGE WAVEFORMS 
PULSE DURATION 



Output 
Control 



tpZL-H |«- 



t.3V tt 1.3 V 



Waveform 1 
S1 Closed 
(see Note C) 



-*| N~ tpLZ 



*PZH 



-*\ 



Waveform 2 
S1 Open 
(see Note C) 



3.5 V 

0.3 V 
3.5 V 

vol 

0.3 V 

voh 

3V 
0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 



NOTES: A. C{_ includes probe and jig capacitance. ( 

B. AH input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Z 0 = 50 Q, t r < 2 ns, tf < 2 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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APPLICATION INFORMATION 
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Unload 
Wordl 
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Unload 
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Figure 2. Typical Waveforms for a 16-Word FIFO 
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APPLICATION INFORMATION 
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Figure 3. Expanding the SN74S225 FIFO (48 words of 10 bits shown) 
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• Independent Asychronous Inputs and 
Outputs 

• 16 Words by 5 Bits 

• Data Rates From 0 to 40 MHz 

• Fall-Through Time . . . 14 ns Typ 

• 3-State Outputs 

• Package Options Include Plastic 
Small-Outline Packages (DW), Plastic Chip 
Carriers (FN), and Standard Plastic 300-mil 
DIPs (N) 

description 

This 80-bit memory uses advanced low-power 
Schottky technology and features high speed and 
fast fall-through times. It is organized as 1 6 words 
by 5 bits. 

A FIFO memory is a storage device that allows 
data to be written into and read from its array at 
independent data rates. This FIFO is designed to 
process data at rates from 0 to 40 MHz in a 
bit-parallel format, word by word. 

Data is written into memory on a low-to-high 
transition at the load clock (LDCK) input and is 
read out on a low-to-high transition at the unload 
clock (UNCK). The memory is full when the 
number of words clocked in exceeds by 16 the 
number of words clocked out. When the memory 
is full, LDCK signals have no effect. When the 
memory is empty, UNCK signals have no effect. 



DW OR N PACKAGE 
(TOP VIEW) 
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9 10 11 12 13 

nnnnn 
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Status of the FIFO memory is monitored by the FULL, EMPTY, FULL -2, and FULL+2 output flags. The FULL 
output is low when the memo ry is full and high when it is not full. The FULL-2 output is low when the memory 
cont ains 1 4 dat a words. The EMPTY output is low when the memory is empty and high when it is not empty. 
The EMPTY+2 output is low when two words remain in memory. 



A low l evel on th e re set (RST) in put resets the internal stack control pointers and also sets EMPTY low and sets 
FULL, FULL-2, and EMPTY+2 h igh. T he Q outputs are not reset to any specific logic lev el. The first low-to-high 
transition on LDCK after either a RST pulse or from an empty condition causes EMPTY to go high and the data 
to appear on the Q outputs. It is important to note that the first word does not have to be unloaded. Data outputs 
are noninverting with respect to the data inputs and are at high impedance when the output-enable (OE) input 
is low. OE does not affect the output flags. Cascading is easily accomplished in the word-width direction but is 
not possible in the word-depth direction. 

The SN74ALS229B is characterized for operation from 0°C to 70°C. 
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logic symbolt 
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8 
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FULL 
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EMPTY 



QO 
Q1 
Q2 
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t This symbol is in accordance with ANSI/IEEE Standard 91-1984 and IEC Publication 617-12. The symbol is functionally accurate but does not 
show the details of implementation; for these, see the logic diagram. The symbol represents the memory as if it were controlled by a single counter 
whose content is the number of words stored at the time. Output data is invalid when the counter content (CT) is 0. 

Pin numbers shown are for the DW and N packages. 
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logic diagram (positive logic) 

■h> 
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LDCK 




EMPTY+2 



Pin numbers shown are for the DW and N packages. 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



3-^3 



SN74ALS229B 

16x5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 



SDAS090 - MARCH 1 990 - REVISED JUNE 1992 



timing diagram 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vqc • 7 V 

Input voltage, V| 7 V 

Voltage applied to a disabled 3-state output ... 5.5 V 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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recommended operating conditions (see Note 1) 





MIN NOM 


MAX 


UNIT 


vcc 


Supply voltage 




4.5 5 


5.5 


V 


V|H 


High-level input voltage 




2 


V 


V|L 


Low-level input voltage 




0.8 


V 


'OH 


High-level output current 


Q outputs 


-1.6 


mA 


Status flags 


-0.4 


lOL 


Low-level output current 


Q outputs 


24 


mA 


Status flags 


8 


f clock 


Clock frequency 


LDCK 


0 


40 


MHz 


UNCK 


0 


40 






nor i A . .. 

RST low 


18 








1 r\C*K \r\\ki 
LUOI\ IOW 


15 




t w 


Pulse duration 


LDCK high 


10 








UNCK low 


15 








UNCK high 


10 








Data before LDCKt 


8 




*su 


Setup time 


RST (inactive) before LDCKt 


5 


ns 






LDCK (inactive) before RSTT 


5 




th 


Hold time 


Data after LDCKt 


5 


ns 




Operating free-air temperature 




0 


70 





NOTE 1 : To ensure proper operation of this high-speed FIFO device, it is necessary to provide a clean signal to the LDCK and UNCK clock inputs. 

Any excessive noise or glitching on the clock inputs that violates the V||_, V|h, or minimum pulse duration limits can cause a false clock 
or improper operation of the internal read and write pointers. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


V|K 


Vcc = 4.5 V, 


l|=-18mA 


-1.2 


V 


V 0 H 


Q outputs 


V C C - 4.5 V, 


lOL = -2.6 mA 


2.4 


3.2 




V 


Status flags 


Vcc = 4.5 V to 5.5 V, 


•OL = "0-4 mA 


VCC-2 




Q outputs 


VCC = 4.5 V, 


Iql = 12 mA 




0.25 


0.4 




vol 


VCC - 4.5 V, 


lOL = 24 mA 




0.35 


0.5 


V 


Status flags 


Vcc = 4.5 V, 


lOL = 4 mA 




0.25 


0.4 




Vcc = 4.5 V, 


lOL = 8 mA 




0.35 


0.5 




'OZH 


V C C - 5.5 V, 


Vo = 2.7 V 


20 


HA 


'OZL 


V C C = 5.5 V, 


Vo = 0.4 V 


-20 


MA 


l| 


Vcc - 5.5 V, 


V| = 7V 


0.1 


mA 


l|H 


V C C = 5.5 V, 


V| = 2.7V 


20 


MA 


IlL 


V C C = 5.5 V, 


V| = 0.4 V 


-0.2 


mA 


io* 


V C C = 5.5 V, 


Vq = 2.25 V 


-30 




-112 


mA 


'cc 


V C C = 5.5 V 




85 


140 


mA 



t All typical values are at Vcc = 5 V, Ta = 25°C. 
$ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Iqs- 
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switching characteristics (see Figure 1) 



PARAMETER 
rMMMIVIC 1 Cn 


FROM 
(INPUT) 


TO 
(OUTPUT) 


VcC = 4.5Vto5.5 V, 

Cl = 50 pF, 

R1 = 500 Q, 

R2 = 500 Q, 

Ta = 0°C to 70°C 


1 IMIT 








MIN 


MAX 




t 

'max 


LUUr\, UNUrv 




40 


MnZ 




i npi<*T 


Any Q 


6 30 


ns 




6 


30 


tPLH 


ldckT 




5 


25 


ns 


tPHL 


i inpkT 


EMPTY 


6 27 


tPHL 


RSTi 


EMPTY 


5 


26 




tpd 


LDCKt 




7 


33 


ns 


UNCKt 


EMPTY+2 


9 35 


*PLH 


RSTi 


FMPTY+2 

t.ivir I I tt 


9 


33 




tpd 


LDCKT 




7 


33 


ns 


UNCKT 


FULL-2 


9 


35 


tPLH 


RSTi 


FULL-2 


9 


33 


ns 


tPHL 


LDCKT 


FOll 


6 


27 


ns 


tPLH 


UNCKT 


fDll 


5 


25 


ns 


RSTsl 


8 


31 


*en 


OEt 


Q 


2 


15 


ns 


*dis 


OEi 


Q 


1 


15 


ns 
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PARAMETER MEASUREMENT INFORMATION 



S1 



Open 



R1 = 500 £2 



From Output 
Under Test 



>pF 



Test Point 



CL = 50f,. 
(see Note A) 



R2 = 500 Q 



SWITCH POSITION TABLE 



TEST 


S1 


tPLH 


Open 


tPHL 


Open 


tpZH 


Open 


tPZL 


Closed 


tPHZ 


Open 


tPLZ 


Closed 



LOAD CIRCUIT FOR 3-STATE OUTPUTS 



Timing 
Input 




VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note B) 



J 



1.3 V 



tPLH 
In-Phase 
Output 



— H 



\!1 

k— 



3.5V 



0.3 V 



— r 

tPHL U W 



I 1-3 VI 



*PHL 
VOH 

vol 



W ^-tpLH 



Out-of-Phase 
Output 



^1.3V ] fv*V 



VOH 

vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



High-Level 
Pulse 




VOLTAGE WAVEFORMS 
PULSE DURATION 



Output 
Control 



1.3 V 



/1.3 V 




tpZL" 



Waveform 1 
S1 Closed 
(see Note C) 



n- 



-+) H- *PLZ 



3.5 V 

0.3 V 
3.5 V 



tpZH -H W~ „ 



^j- vql 



Waveform 2 
S1 Open 
(see Note C) 



+ 1.3 V 



0.3 V 
V 0H 



0.3 V 
0V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 



NOTES: A. Cl includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Z 0 = 50 Q, t r < 2 ns, tf < 2 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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• Independent Asychronous Inputs and 
Outputs 

• 16 Words by 5 Bits 

• Data Rates From 0 to 40 MHz 

• Fall-Through Time . . . 14 ns Typ 

• 3-State Outputs 

• Package Options Include Plastic 
Small-Outline Packages (DW), Plastic Chip 
Carriers (FN), and Standard Plastic 300- mi I 
DIPs (N) 

description 

This 80-bit memory uses advanced low-power 
Schottky technology and features high speed and 
a fast fall-through time. It is organized as 1 6 words 
by 5 bits. 

A FIFO memory is a storage device that allows 
data to be written into and read from its array at 
independent data rates. This FIFO is designed to 
process data at rates from 0 to 40 MHz in a 
bit-parallel format, word by word. 

Data is written into memory on a low-to-high 
transition at the load clock (LDCK) input and is 
read out on a low-to-high transition at the unload 
clock (UNCK) input. The memory is full when the 
number of words clocked in exceeds by 16 the 
number of words clocked out. When the memory 
is full, LDCK signals have no effect. When the 
memory is empty, UNCK signals have no effect. 
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14 


]Q2 


D3[ 


8 


13 


]Q3 


D4[ 


9 


12 
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FN PACKAGE 
(TOP VIEW) 



LU g 

o 



LDCK ] 4 
DO ] 5 
D1 ]6 
D2 ]7 
D3 ]8 
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1 8 [ UNCK 
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nnnnn 



17[ EMPTY 
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Q IH ^ 
Q Z W O O 



Status of the FIFO memory is monitored by the FULL, EMPTY, FULL- 1, and EMPTY+1 output flags. The FULL 
output is low when the memo ry is full and high when it is not full. The FULL-1 output is low when the memory 
cont ains 15 dat a words. The EMPTY output is low when the memory is empty and high when it is not empty. 
The EMPTY+1 output is low when one word remains in memory. 



A low l evel on th e re set (RST) in put resets the internal stack control pointers and also sets EMPTY low and sets 
FULL, FULL-1 , and EMPTY+1 h igh. The Q, outputs are not reset to any specific logic lev el. The first low-to-high 
transition on LDCK, after either a RST pulse or from an empty condition, causes EMPTY to go high and the data 
to appear on the Q outputs. It is important to note that the first word does not have to be unloaded. Data outputs 
are noninverting with respect to the data inputs and are at high impedance when the output-enable (OE) input 
is low. OE does not affect the output flags. Cascading is easily accomplished in the word-width direction but is 
not possible in the word-depth direction. 

The SN74ALS233B is characterized for operation from 0°C to 70°C. 



Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
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logic symbolt 



RST 

LDCK 
UNCK 

OE 

DO 
D1 
D2 
D3 
D4 



11 IS 


FIFO 16x5 


3 


CTR 

CT = 0 (CT = 16)G1 
CT = 15 

> T (+/C2) CT = 1 

> 3- (CT = 0) G3 


4 


2 


19 


18 


17 


1 


16 


EN4 

4 r 


5 


2D 4 V 


6 


15 




7 


14 




8 


13 




9 


12 









FULL 
FULL-1 



EMPTY+1 



EMPTY 



Q0 
Q1 
Q2 
Q3 
Q4 



t This symbol is in accordance with ANSI/IEEE Standard 91-1984 and I EC Publication 617-12. The symbol is functionally accurate but does not 
show the details of implementation; for these, see the logic diagram. The symbol represents the memory as if it were controlled by a single counter 
whose content is the number of words stored at the time. Output data is invalid when the counter content (CT) is 0. 

Pin numbers shown are for the DW and N packages. 
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logic diagram (positive logic) 

■■H> 



OE 



LDCK 




EMPTY+1 



Pin numbers shown are for the DW and N packages. 
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timing diagram 
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lock ifLTLfl 
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I 
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I I 
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EMPTY 
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FULL 
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h 

FULL-1 | 



Initialize 
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i-ri 
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Unload 
W2 



I I 
I I 
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I 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vcc 7 V 

Input voltage, V| 7 V 

Voltage applied to a disabled 3-state output 5.5 V 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range -65°C to 150°C 

t stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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recommended operating conditions (see Note 1) 





MIN NOM 


MAX 


UNIT 


vcc 


Supply voltage 




4.5 5 


5.5 


V 


V|H 


High-level input voltage 




2 


V 


V|L 


Low-level input voltage 




0.8 


V 


'oh 


High-level output current 


Q outputs 


-1.6 


mA 


Status flags 


-0.4 


'ol 


Low-level output current 


Q outputs 


24 


mA 


Status flags 


8 


fclock 


Clock frequency 


LDCK 


0 


40 


MHz 


UNCK 


0 


40 






RSTlow 


18 








LDCK low 


15 




t w 


Pulse duration 


LDCK high 


10 


ns 






UNCK low 


15 








UNCK high 


10 








Data before LDCKT 


8 




*su 


Setup time 


RST (inactive) before LDCKT 


5 


ns 






LDCK (inactive) before RSTT 


5 




th 


Hold time 


Data after LDCKT 


5 


ns 


T A 


Operating free-air temperature 




0 


70 


°C 



NOTE 1 : To ensure proper operation of this high-speed FIFO device, it is necessary to provide a clean signal to the LDCK and UNCK clock inputs. 
Any excessive noise or glitching on the clock inputs that violates the V||_, Vm, or minimum pulse duration limits can cause a false clock 
or improper operation of the internal read and write pointers. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


V|K 


VCC = 4.5 V, 


l|=-18mA 


-1.2 


V 


VOH 


Q outputs 


VCC = 4.5 V, 


lOH = - 2.6 mA 


2.4 


3.2 




V 


Status flags 


Vcc = 4.5 V to 5.5 V, 


Iqh = -0.4 mA 


VcC-2 




Q outputs 


V C C = 4.5 V, 


lOL = 12 mA 




0.25 


0.4 




vol 


Vcc = 4.5 V, 


lOL = 24 mA 




0.35 


0.5 


V 


Status flags 


VCC = 4.5 V, 


lOL = 4 mA 




0.25 


0.4 




VCC = 4.5 V, 


lOL = 8 mA 




0.35 


0.5 




lOZH 


V C C = 5.5 V, 


V 0 = 2.7V 


20 


HA 


'OZL 


V C C = 5.5 V, 


Vo = 0.4 V 


-20 


MA 


l| 


V C C = 5.5 V, 


V| = 7V 


0.1 


mA 


l|H 


V C C - 5.5 V, 


V| = 2.7 V 


20 


pA 


IlL 


V C C - 5.5 V, 


V| =* 0.4 V 


-0.2 


mA 


io* 


V C C = 5.5 V, 


Vq = 2.25 V 


-30 




-112 


mA 


ice 


Vcc - 5.5 V 




88 


133 


mA 



t All typical values are at Vcc = 5 V, Ta = 25°C. 
*The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Iqs- 
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switching characteristics (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


Vcc = 4.5 V to 5.5 V, 

Cl = 50 pF, 

R1 = 500 O, 

R2 = 500Q, 

T A = 0°C to70°C 


UNIT 








MIN 


MAX 




fmax 


LDCK, UNCK 




40 


MHz 


tpd 


LDCKT 


Any Q 


6 


32 


ns 


unckT 


6 


30 


tPLH 


LDCKt 


EMPTY 


5 




ns 


tPHL 


UNCKt 


6 


27 


tPHL 


RSTi 


EMPTY 


5 


25 


ns 


tpd 


LDCKt 


EMPTY+1 


7 


34 


ns 


UNCKT 


7 


34 


tPLH 


RSTi 


EMPTY+1 


8 


31 


ns 


tpd 


ldckT 


FULL-1 


9 


33 


ns 


UNCKt 


8 


32 


tPLH 


RSlU 


FULL-1 


11 


32 


ns 


tPHL 


LDCKt 


FULL 


6 


27 


ns 


tPLH 


UNCKt 


FULL 


5 


25 


ns 


RSTi 


9 


30 


t en 


OEt 


Q 


2 


15 


ns 


tdis 


OEi 


Q 


1 


15 


ns 
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PARAMETER MEASUREMENT INFORMATION 



S1 



From Output 
Under Test 

(see Note A) 



rui 

»t T 

. = 50 pFpL 



Open 



R1 =500Q 



Test Point 



R2 = 500Q 



SWITCH POSITION TABLE 



TEST 


S1 


tPLH 


Open 


tPHL 


Open 


tpZH 


Open 


tpZL 


Closed 


tPHZ 


Open 


tPLZ 


Closed 



LOAD CIRCUIT FOR 3-STATE OUTPUTS 



Timing 
Input 




Input 
) Note B) 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



1.3 V S| ^1.3V 



- 3.5 V 



tPLH 
In-Phase 
Output 



tPHL 

Out-of-Phase 
Output 



0.3 V 



k— >u 

l — J. 



1.3V | ^1.3' 



tPHL 

VOH 

IV 

vol 



\ 13V f 1 " 



VOH 

vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



High-Level 
Pulse 




VOLTAGE WAVEFORMS 
PULSE DURATION 



Output 
Control 



\13V tt 1.3 V 



tpZL->! \4- 



Waveform 1 
S1 Closed 
(see Note C) 



I 

-►I N- tPLZ 



3.5 V 



0.3 V 



3.5 V 



tpZH 



Waveform 2 
S1 Open 
(see Note C) 



* — — 

■» J--*-- v 0H 



vol 



0.3 V 
- 0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Z 0 = 50 Q, t r < 2 ns, tf < 2 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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Asynchronous Operation 
Organized as 64 Words by 5 Bits 
Data Rates From 0 to 25 MHz 
3-State Outputs 

Package Options Include Plastic 
Small-Outline Packages (DW), Plastic 
J-Leaded Chip Carriers (FN), and Standard 
Plastic 300-mil DIPs (N) 



DW OR N PACKAGE 
(TOP VIEW) 



description 




si ] 4 

DO ] 5 

D1 ]6 

D2 ] 7 

D3 ]8 



FN PACKAGE 
(TOP VIEW) 

LU 

uuuuu 



3 2 1 20 19 



9 10 11 12 13 

nnnnn 



18[ SO 
17[ OR 
16[ Q0 
15[ Q1 
14[ Q2 



ih- 5: oo 
boo 



The SN74ALS235 is a 320-bit memory utilizing 
advanced low-power Schottky IMPACT™ 
technology. It features high speed with fast 
fall-through times and is organized as 64 words by 
5 bits. 

A first-in, first-out (FIFO) memory is a storage 
device that allows data to be written into and read 
from its array at independent data rates. The 
SN74ALS235 is designed to process data at rates 
from 0 to 25 MHz in a bit-parallel format, word by 
word. 

Data is written into memory on the rising edge of 
the shift-in (SI) input. When SI goes low, the first 
data word ripples through to the output (see 
Figure 1). As the FIFO fills up, the data words 
stack up in the order they were written. When the 
FIFO is full, additional shift-in pulses have no 

effect. Data is shifted out of memory on the falling edge of the shift-out (SO) input (see Figure 2). When the FIFO 
is empty, addition al SO pulses have no effect. The last data word remains at the outputs until a new word falls 
through or reset (RST) goes low. 

Status of the SN74ALS235 FIFO memory is monitored by the output-ready (OR), input-ready (IR), 
almost-full/almost-empty (AF/AE), and half-full (HF) flags. When OR is high, valid data is available at the 
outputs. OR is low when SO is high and stays low when the FIFO is empty. IR is high when the inputs are ready 
to receive more data. IR is low when SI is high and stays low when the FIFO is full. AF/AE is high when the FIFO 
contains eight or less words (see Figure 5) or 56 or more words (see Figure 6). AF/AE is low when the FIFO 
contains between nine and 55 words. HF is high when the FIFO contains 32 or more words and is low when 
the FIFO contains 31 words or less (see Figure 7). 

When the FIFO is empty, input data is shifted to the output automatically when SI goes low. If SO is held high 
during this time, the OR flag pulses high indicating valid data at the outputs (see Figure 3). 

When the Fl FO is full, data can be shifted in automatically by holding SI high and taking SO low. One propagation 
delay after SO goes low, IR will go high. If SI is still high when IR goes high, data at the inputs are automatically 
shifted in. Since IR is normally low when the FIFO is full and SI is high, only a high-level pulse is seen on the 
IR output. 



IMPACT is a trademark of Texas Instruments 



JncorjDor^ated^ 



PRODUCTION DATA Information Is current as of publication date. — Copyright © 1993, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments mim 
standard warranty. Production processing does not necessarily Include """" 
testing of all parameters. 
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description (continued) 

The FIFO must be reset after power up with a low-level pulse on the master reset (RST) Input. This sets IR high 
and OR low signifying that the F IFO is empty. Resetting the FIFO sets the outputs to a low logic level (see 
Figure 1). If SI is high when RST goes high, the input data is shifted in and IR goes low and remains low until 
SI goes low. If SI goes low before RST goes high, the input data will not be shifted in and IR goes high. Data 
outputs are nqninverting with respect to the data inputs and are at high impedance when the output-enable (OE) 
input is high. OE does not affect the status-flag outputs (see Figure 2). 

The SN74ALS235 is characterized for operation from 0°C to 70°C. 
logic symbolt 



si 



so 



RST 
OE 

DO 
D1 
D2 
D3 
D4 







FIFO 64 x 5 




4 




„ CTR 3CT>0 

>5 + /C1 „ M . A 
(CT>0)G4- 

CT<8/CT>56 

> 4- 

G3 07232 
2CT<64 

CT-0 (CT<64)G5- 


17 










19 


18 






2 


1 


[_ 






3 




N 




11 








R 

EN 6 

i r 




1 


IS 








16 


5 




1D 16V 


6 


15 




7 






14 








8 




13 




9 




12 











OR 

AF/AE 

HF 

IR 



QO 
Q1 
Q2 
Q3 
Q4 



t This symbol is in accordance with ANSI/IEEE Standard 91-1984 and IEC Publication 617-12. 
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functional block diagram 



OE 



DO 
D1 
D2 
D3 
D4 



IR 



SI 



RST 



5 


FIFO 
Input 
Stage 




6 


7 


— v 


8 


9 







Input- 
Control 
Logic 

n 



65 x 5 Bit 
Register 



7\ 



Register- 
Control 
Logic 



Z 



Flag- 
Control 
Logic 



FIFO 
Output 
Stage 



n 



Output- 
Control 
Logic 

— o— 



16 



15 



14 



13 



12 



17 



19 



QO 
Q1 
Q2 
Q3 
Q4 



-4— «- so 



OR 



AF/AE 
HF 
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logic diagram (positive logic) 




Continued on Next Page 
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logic diagram (positive logic) (continued) 








3 ^ 




4 




5 p 

: , 

7 k 





Data 
Outputs 



OR 



HF 



AF/AE 
IR 



timing diagram 

RST 
SI 



ryyriJ-Lr 



D4-D0 xJ6H\y\ M5rmy*fin?tt^^ ft r^i m\\>m tvA 

I I W1 W2 W8 W9 W31 W32 W55 W56 Don't Care W1 I W1 W63 W64 W1 

I 



so I 



Q4-Q0 ^ 

I 



W2 W8 W9 W31 W32 W55 W56 Don't Care 

j-, | . | n LTLTLTf 

i Wordl | Word 2 / Word 56 

Word 55 



zzHjijnjtroxljnjlj 

i i i i i 



IR 

OR_| 1 

AF/AE " 



HF 



4- 



Lrunn 




Invalidt 



( Word 1* Word 2 I Word3 

Lh_ri_ri k_ 



I Shift In 
Clear W1 



Almost 
Empty+1 



Half 
Full 



Almost 
Full 



Empty 



Full 



t The last data word shifted out of the FIFO remains at the output until a new word falls through or a RST pulse clears the FIFO, 
t While the output data is considered valid only when the OR flag is high, the stored data remains at the output. Any additional words written into 
the FIFO will stack up behind the first word and will not appear at the output until SO is taken low. 
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RST 



SI 



D4-D0 



IR Full 



OR 



Q4-Q0 



NOTE A: SO is low. 



■to — M i 



k tpLH +\ 



J- 



tPHL~*1 



"I Empty 



■tpd" 



i i— 



- *PLH ■ 



tpd- 



Figure 1. Master Reset and Data-in Waveforms 



r 



SO 



OR 



IR 



Q4-Q0 



J L 



Full 



y — c 



1 r 



|« H td(SOL-QX) 



51 f 

NOTE A: SI is low. 



*«•+! iH« en h — v* — ^ 



1 



■ tPLH J 



- tpHL - 



J- 



Figure 2. Data-Out Waveforms 



Texas 
Instruments 

3-62 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN74ALS235 

64 x 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 



SDAS108A- OCTOBER 1986 -REVISED SEPTEMBER 1993 



D4-D0 



*su — K«— th- 
SI 



S0 1 k- tpi H - J 



tPLH" ^ 

t w - 



OR Empty 



J L 



j« *j td(QV-ORH) 



Q4-Q0 Invalid 



Figure 3. Data Fall-Through Waveforms 




Figure 4. Automatic Data-in Waveforms 
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SO 



AF/AE 



SI 



Si 



AF/AE 



SO 







■ tpHL ■ 



Figure 5. Almost-Empty Waveforms 



■ tpHL 



Figure 6. Almost-Full Waveforms 



si 



HF 



so 



■ tpHL H 



Figure 7. Half-Full Waveforms 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vcc (see Note 1) 7 V 

Input voltage, V| 7 V 

Voltage applied to a disabled 3-state output 5.5 V 

Operating free-air temperature range, Ta 0°C to 70° 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to GND. 



recommended operating conditions 





MIN 


NOM MAX 


UNIT 


vcc 


Supply voltage 






4.5 


5 5.5 


V 


V|H 


High-level input voltage 






2 


V 


V|L 


Low-level input voltage 






0.8 


V 


'OH 


High-level output current 


Q outputs 


-2.6 


mA 


Flags 


-0.4 


•OL 


Low-level output current 


Q outputs 


24 


mA 


Flags 


8 


fclock 


Clock frequency 


SI or SO 


0 


25 


MHz 


t w 


Pulse duration 


SI or SO 


High or low 


15 


ns 


RST 


Low 


15 


*su 


Setup time before SIT 


Data 


0 


ns 


RST 


High (inactive) 


15 


th 


Hold time, data after Sit 






17 


ns 


ta 


Operating free-air temperature 






0 


70 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


V|K 


V C C-4.5V, 


l|=-18mA 


-1.2 


V 




Any Q 


VcC = 4.5 V 


Iqh --1 mA 






VOH 


lOH =-2-6 mA 


2.4 


3.2 




V 




Flags 


VCC-4.5V, 


Iqh ■ -0.4 mA 


2.7 


3.4 








Any Q 


V C C = 4.5V 


l0L=12mA 




0.25 


0.4 




vol 


lOL = 24 mA 




0.35 


0.5 


V 


Flags 


V C C = 4.5V 


lOL = 4 mA 




0.25 


0.4 




lOL = 8 mA 




0.35 


0.5 




'OZH 


V C C = 5.5V, 


Vq = 2.7 V 


20 


ma 


lOZL 


V CC = 5.5V, 


Vq - 0.4 V 


-20 


IxA 


l| 


V C C = 5.5V, 


V| = 7 V 


0.1 


mA 


l|H 


V C C = 5.5V, 


V| = 2.7V 


20 


MA 


IlL 


VCC = 5.5V, 


V| = 0.4 V 


-0.1 


mA 


io* 


V C C = 5.5V, 


Vq = 2.25 V 


-30 




-112 


mA 








Low 




112 


165 




•cc 




VCC-5.5V 


High 




105 


160 


mA 








Disabled 




115 


170 





t All typical values are at Vqc = 5 V, Ta = 25°C. 

$ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Iqs- 
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switching characteristics (see Figure 9) 



PARAMETER 


FROM 
(INPUT) 




TO 
(OUTPUT) 


VcC = 5V, 
Cl = 50 pF, 
R1 = 500 a, 
R2 = 500 Q, 
Ta = 25°C 


Vcc = 4.5 V to 5.5 V, 

C|_ = 50pF, 

R1 =500 0, 

R2 = 500 O, 

Ta = MIN to MAXt 


UNIT 










MIN TYP 


MAX 




MIN 


MAX 




f 


SI 


30 


25 


MHz 


SO 


30 


25 


twt 


IR high 


15 


8 


ns 


tw§ 


OR high 


19 


8 


ns 


td(QV-ORH) 


Q valid before ORt 


6 


9 




-5 


12 


ns 


td(SOL-QX) 


Q valid after SOi 


13 


4 


ns 


tpd 


Sli 


Q 


600 


800 




350 


1000 


ns 


tPHL 


Sit 


IR 


20 


26 




8 


30 


ns 


tPLH 


Sli 


16 


21 




6 


25 


tPLH 11 


Sli 


OR 


600 


800 




350 


1000 


ns 


tPHL 


Sli 


AF/AE 


550 


700 




290 


880 


ns 


' £ PLH 


85 


115 




40 


150 


tPLH 


Sli 


HF 


340 


410 




180 


510 


ns 


tpd 


SOi 


Q 


13 


17 




4 


22 


ns 


tPHL 


SOT 


OR 


23 


27 




7 


33 


ns 


tPLH 


sol 


20 


24 




6 


30 


tPLH 11 


SOi 


IR 


600 


800 




350 


1000 


ns 


tPHL 


SOi 


AF/AE 


550 


700 




290 


880 


ns 


tPLH 


85 


115 




35 


150 


tPHL 


SOi 


HF 


340 


410 




170 


510 


ns 


tPHL 


RSTi 


OR 


22 


26 




10 


34 


ns 


tPLH 


RSTT 


IR 


12 


18 




5 


22 


ns 


tPHL 


RSTi 


IR 


12 


18 




5 


22 


ns 


Q 


14 


17 




5 


19 


*dis 


OET 


Q 


7 


13 




2 


15 


ns 


*en 


OEi 


Q 


6 


12 




2 


13 


ns 



t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$ The IR output pulse occurs when the FIFO is full, SI is high, and SO is pulsed (see Figure 4). 
§The OR output pulse occurs when the FIFO is empty, SO is high, and SI is pulsed (see Figure 3). 
1t Data throughput or fall-through times 
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APPLICATION INFORMATION 
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AF/AE 




HF 


AF/AE 




HF 


AF/AE 


IR 
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IR 


SO 


4 


IR 


SO 


— 4 
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OR 




SI 


OR 


* 


SI 
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DO 


QO 




DO 


QO 




DO 


QO 
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D1 


Q1 
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D2 


Q2 






D3 


Q3 




D3 


Q3 




D3 


Q3 






D4 


Q4 
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D4 


Q4 
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D4 


Q4 

RST 







HF 
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HF 


AF/AE 




HF 


AF/AE 


IR 


SO 
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IR 


SO 


4 


IR 


SO 
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SI 
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DO 


QO 
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QO 
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D4 



RST 



AF/AE 
SO 
OR 
QO 
Q1 
Q2 
Q3 
Q4 



HF 
IR 
SI 
DO 
D1 
D2 
D3 
D4 



AF/AE 
SO 
OR 
QO 
Q1 
Q2 
Q3 
Q4 



RST 



SO 



OR 



RST 



Figure 8. 192-Word by 15-Bit Expansion 
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PARAMETER MEASUREMENT INFORMATION 



S1 



From Output 
Under Test 



IpF 



Cl = 50 p= 
(see Note A) | 



Open 



R1 = 500 Q, 



Test Point 



R2 = 500 Q 



SWITCH POSITION TABLE 



TEST 


S1 


tPLH 


Open 


tPHL 


Open 


tPZH 


Open 


tpZL 


Closed 


tPHZ 


Open 


tPLZ 


Closed 



LOAD CIRCUIT FOR 3-STATE OUTPUTS 



Timing 
Input 



tsu H4- 



3.5 V 
0.3 V 



Data 
Input 



3.5V 

1.3 V 

- 0.3 V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note B) 



tPLH 
In-Phase 
Output 



1.3 V 



- 3.5 V 



k— » 

J—J 



»PHL 



-U — w 



Out-of-Phase 
Output 



\l3V 



— 0.3 V 

tPHL 

V OH 
1.3 V 

vol 

tPLH 

I 

I/— VOH 
1.3 V 



vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



Hlgh-Level 
Pulse 




VOLTAGE WAVEFORMS 
PULSE DURATION 



Output 
Control 



1.3 V 



tpZL->l 



TM.3V 



Waveform 1 
S1 Closed 
(see Note C) 



-*| N" tpLZ 



3.5 V 



0.3 V 



3.5 V 



tPZH -+l 



^ J__* 



Waveform 2 
S1 Open 
(see Note C) 




VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Z 0 = 50 Q, t r < 2 ns, tf < 2 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 9. Load Circuit and Voltage Waveforms 
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General Information 



1 



Telecom Single-Bit FIFOs 


2 


Reduced-Width FIFOs 




9-Bit Clocked/Strobed FIFOs 


4 


8- and 9-Bit Asynchronous FIFOs 




9-Bit Synchronous FIFOs 


6 


1 8-Bit Clocked FIFOs BB 


18-Bit Strobed FIFOs 


8 


Multi-Q™ 18-Bit FIFO 


9 


3.3-V Low-Powered 18-Bit FIFOs 


10 


DSP 32- and 36-Bit Clocked FIFOs 


11 


Internetworking 36-Bit Clocked FIFOs 


12 


High-Bandwidth Computing 30-Bit Clocked FIFOs 


13 


Military FIFOs 


14 


Application Reports 


15 


Mechanical Data 


16 
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Features 



0.8-jim CMOS process 



9-BIT CLOCKED/STROBED FIFOS 

Benefits 



Support clock rates up to 67 MHZ 
Fast access times 

High drive capabilities 

Depths from 32 to 2K words 

Output edge control (OEC™) circuitry 
coupled with distributed V<x and GND 

Available in JEDEC reduced-height 64-pin 
TQFP, PCMCIA Type I compliant 



Fast access times combined with low 
power 

Supports high-performance systems 

Access times as low as 12 ns for 
improved performance 

-8-mA to 16-mA drive capability for 
high-fanout and bus applications 

Allows greater system optimization 

Improved noise immunity and mutual 
coupling effects 

Board-space savings of up to 23% over 
32-pin PLCC option 




SN74ACT7807 
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Free-Running Read and Write Clocks Can 
Be Asynchronous or Coincident 



Input-Ready, Output-Ready, and Half-Full 
Flags 

Cascadable in Word Width and/or Word 
Depth 

Fast Access Times of 12 ns With a 50-pF 
Load 

Data Rates From 0 to 67 MHz 

3-State Outputs 

Available in 44-Pin PLCC (FN), 

Space-Saving 64-Pin Thin Quad Flat (PM), 

and Reduced-Height 64-Pin Thin Quad Flat 

(PAG) Packages 



Read and Write Operations Synchronized 
to Independent System Clocks 



Input-Ready Flag Synchronized to Write 
Clock 



Output-Ready Flag Synchronized to Read 
Clock 



2048 Words by 9 Bits 



Low-Power Advanced CMOS Technology 
Programmable Almost-Full/Almost-Empty 
Flag 



description 



The SN74ACT7807 is a 2048-word by 9-bit FIFO with high speed and fast access times. It processes data at 
rates up to 67 MHz and access times of 1 2 ns in a bit-parallel format. Data outputs are noninverting with respect 
to the data inputs. Expansion is easily accomplished in both word width and word depth. 

The write-clock (WRTCLK) and read-clock (RDCLK) inputs should be free running and can be asynchronous 
or coincident. Data is written to memory on the rising edge of WRTCLK when the write-enable (WRTEN1/DP9, 
WRTEN2) inputs are high and the input-ready (IR) flag output is high. Data is read from memory on the rising 
edge of RDCLK when the read-enable (RDEN1, RDEN2) and output-enable (OE) inputs are high and the 
output-ready (OR) flag output is high. The first word written to memory is clocked through to the output buffer 
regardless of the levels on RDEN1 , RDEN2, and OE. The OR flag indicates that valid data is present on the 
output buffer. 

The FIFO can be reset asynchronous to WRTCLK and RDCLK. RESET must be asserted while at least four 
WRTCLK and four RDCLK cycles occur to clear the synchronizing registers. Resetting the FIFO initializes the 
IR, OR, and HF flags low and the AF/AE flag high. The FIFO must be reset upon power up. 

The SN74ACT7807 is characterized for operation from 0°C to 70°C. 



PRODUCTION DATA Information is current as of publication date. ™ Copyright © 1995, Texas Instruments 

Products conform to specifications per the terms of Texas Instruments w im 

standard warranty. Production processing does not necessarily include 'fVvAC 

testing of all parameters. \f Ifcyv/Y>3 
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FN PACKAGE 
CTOP VIEW) 



DO ] 
D1 ] 
D2 ] 
GND ] 
D3 ] 
D4 ] 
D5 ] 

v CC ] 

D6 ] 
D7] 
D8 ] 



LU 

o ^ 9|z 

O Li. LL Z LU 

l^l^LJLJLJLJLJLJLJLJLJ 



C/) o Q 
LU Q O LU Z O 



6 5 4 3 2 1 44 43 42 41 40 



|7 
|8 
9 
10 
11 
12 
13 
14 
15 
16 
117 

18 19 20 21 22 23 24 25 26 27 28 

nnnnnnnnnnn 

7 J Q. Z - oZZ-JoO 
m U Q LU 111 Hi O >r 

DC z DC DC DC DC 

^ LU ^ 

DC 



3£ Q1 

3£ v cc 

37[ Q2 
3£ Q3 
3£ GND 
34[ Q4 
33[ V cc 
3£ Q5 
31[ Q6 
3£ GND 
2£ Q7 



PAG OR PM PACKAGE 
(TOP VIEW) 



Q Q 



5> 8 > 8 SSii3> 8 > 8 8§§ 

i — ii — ii — ii — ii — ii — ii — ii — ii — ii — ii — ii — ii — ir 



Q 

Zs O 

o o z 



NC 
QO 
GND 
GND 
OE 
NC 

Vcc 
Vcc 

RESET 
PEN 
GND 
GND 

AF/AE 
HF 

Vcc 
Vcc 



64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 
1 • 

2 
3 
4 
5 
6 
7 
8 
9 



[ 
[ 
[ 

c 
[ 
[ 
[ 
[ 
[ 

[10 

C 11 

[12 
[13 
[14 
[15 

C ™ 



] NC 
]Q8 

]v cc 
]v cc 

] RDCLK 
] RDEN1 
] NC 
] RDEN2 
]OR 
]|R 

] WRTEN2 

] WRTEN1/DP9 

] WRTCLK 

] GND 

] GND 

]NC 



17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 



uuuuuuuuuuuuuuuu 

OOT-CVjQQCO^-OLO oo<P 

zQQQzz QQ Z Q 
O 0 



> 8 > 8 * 



00 o 
Q Q Z 



NC - No internal connection 
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logic symbolt 



RESET 
WRTCLK 
WRTEN1/DP9 
WRTEN2 
RDCLK 
OE 
RDEN1 

RDEN2 
PEN 

DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 



19 



20 



21 



26 



42 



25 



24 



12 



13 



15 



16 



17 



RESET 
t> WRTCLK 



FIFO 2048x9 
SN74ACT7807 



& 



WRTEN 



> RDCLK 



EN1 



IN RDY 
HALF FULL 
ALMOST FULL/EMPTY 
OUT RDY 



RDEN 



PROGRAM ENABLE 



Data 



1V 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the FN package. 



22 



23 



40 



39 



37 



36 



34 



32 



31 



29 



28 



IR 
HF 

AF/AE 
OR 



Q0 
Q1 
Q2 
Q3 
Q4 
Q5 
Q6 
Q7 
Q8 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 4-5 



SN74ACT7807 
2048x9 

CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS200B- JANUARY 1991 - REVISED JULY 1995 



functional block diagram 

OE — 



D0-D8 



RDCLK 
RDEN1 
RDEN2 



WRTCLK 
WRTEN1/DP9 
WRTEN2 



RESET 
PEN 



Synchronous 
Read 
Control 



Synchronous 
Write 
Control 



Reset 
Logic 



Read 
Pointer 



Write 
Pointer 



<2 



Status- 
Flag 
Logic 



1 



Location 1 



Location 2 



2048x9 RAM 



Location 2047 



Location 2048 



Register 



G0-Q8 



OR 

IR 

HF 

AF/AE 
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Terminal Functions 



TERMINAL 
NAME 


I/O 


DESCRIPTION 


AF/AE 


0 


Almost-full/almost-empty flag. Depth offset values can be programmed for AF/AE or the default value of 256 can be 
used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AE is high when memory contains X or less 
words or (2048 - Y) or more words. AF/AE is high after reset. 


D0-D8 


I 


Nine-bit data input port 


HF 


0 


Half-full flag. HF is high when the FIFO memory contains 1024 or more words. HF is low after reset. 


IR 


0 


Input-ready flag. I R is synchronized to the low-to-high transition of WRTCLK. When I R is low, the Fl FO is full and writes 
are disabled. IR is low during reset and goes high on the second low-to-high transition of WRTCLK after reset. 


OE 


I 


Oiitnut pnahlp Whpn OF RDFN1 RDFN9 anri OR arp hinh data is rpari frnm thp FIFO nn a Inw-tn-hinh transition 

of RDCLK. When OE is low, reads are disabled and the data outputs are in the high-impedance state. 


OR 


o 


Output-ready flag. OR is synchronized to the low-to-high transition of RDCLK. When OR is low, the FIFO is empty and 
reads are disabled. Ready data is present on Q0— Q17 when OR is high. OR is low during reset and goes high on the 
third low-to-high transition of RDCLK after the first word is loaded to empty memory. 


PEN 


I 


Program enable. After reset and before the first word is written to the FIFO, the binary value on D0—D8 and DP9 is 
latched as an AF/AE offset value when PEN is low and WRTCLK is high. 


Q0-Q8 


0 


Ninp-hit data niitnut nnrt Aftpr thp first valid writp tn pmntv mpmnrv thp first wnrri is outniit nn O0—O8 nn thp thirri 

l^lll lw Ul I UuLCl UUIUUI )JUI 1. r\ 1 Id 11 It* III OL VCllivJ VV 1 1 IC LVJ wl 1 l|Jiy lilwIIIVJiy, 11 IO III ol VV VJ lo UUl|JUl \JI 1 Vj(U vk^J \Jl 1 Lllw lllll^J 

rising edge of RDCLK. OR is also asserted high at this time to indicate ready data. When OR is low, the last word read 
from the FIFO is present on Q0-Q8. 


RDCLK 


I 


Read clock. RDCLK is a continuous clock and can be asynchronous or coincident to WRTCLK. A low-to-high transition 
of RDCLK reads data from memory when RDEN 1 , RDEN2, OE, and OR are high. OR is synchronous to the low-to-high 
transition or RDCLK. 


RDEN1, 
RDEN2 


I 


Read enables. When RDEN1 , RDEN2, OE, and OR are high, data is read from the FIFO on the low-to-high transition 
of RDCLK. 


RESET 


I 


Reset. To reset the FIFO, four low-to-high transitions of RDCLK and four low-to-high transitions of WRTCLK must 
occur while RESET is low. This sets HF, IR, and OR low and AF/AE high. 


WRTCLK 


I 


Write clock. WRTCLK is a continuous clock and can be asynchronous or coincident to RDCLK. A low-to-high transition 
of WRTCLK writes data to memory when WRTEN1/DP9, WRTEN2, and IR are high. IR is synchronous to the 
low-to-high transition of WRTCLK. 


WRTEN1/DP9 


I 


Write enable/data pin 9. When WRTEN1/DP9, WRTEN2, and IR are high, data is written to the FIFO on a low-to-high 
transition of WRTCLK. When programming an AF/AE offset value, WRTEN1/DP9 is used as the most significant data 
bit. 


WRTEN2 


I 


Write enable. When WRTEN1/DP9, WRTEN2, and IR are high, data is written to the FIFO on a low-to-high transition 
of WRTCLK. 
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offset values for AF/AE 

The almost-full/almost-empty flag has two programmable limits: the almost-empty offset value (X) and the 
almost-full offset value (Y). They can be programmed after the FIFO is reset and before the first word is written 
to memory. If the offsets are not programmed, the default values of X = Y = 256 are used. The AF/AE flag is 
high when the FIFO contains X or less words or (2048 - Y) or more words. 

Program enable (PEN) should be held high throughout the reset cycle. PEN can be brought low only when IR 
is high and WRTCLK is low. On the following low-to-high transition of WRTCLK, the binary value on DO- D 8and 
WRTEN1/DP9 is stored as the almost-empty offset value (X) and the almost-full offset value (Y). Holding PEN 
low for another low-to-high transition of WRTCLK reprograms Y to the binary value on D0-D8 and 
WRTEN1/DP9 at the time of the second WRTCLK low-to-high transition. While the offsets are programmed, 
data is not written to the FIFO memory regardless of the state of the write enables (WRTEN1/DP9, WRTEN2). 
A maximum value of 1023 can be programmed for either X or Y (see Figure 1). To use the default values of 
X = Y = 256, PEN must be held high. 





Figure 1. Programming X and Y Separately 
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RESET 




Define the AF/AE Flag Using the 
Default Value of X = Y = 256 

Figure 2. Reset Cycle 
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RESET 



PEN 



WRTCLK 



WRTEN1/DP9 



WRTEN2 



do-d8 wi w2 R%l wa IRiRI w4 *pU R£/^*l wi ° 2s &%^(^^^^ & 



RDCLK 



RDEN1 



RDEN2 



OE 



Q0-Q8 



OR 



AF/AE 



HF 



IR 



Invalid 



x 



W1 



Figure 3. Write Cycle 
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RESET 



PEN 



WRTCLK 



WRTEN1/ 
DP9 



WRTEN2 



D0-D8 . 



RDCLK 



RDEN1 




RDEN2 



OE 



Q0-Q8 



OR 



AF/AE 



HF 



IR 



>GX 



W3 ,,W(Y+1) 



\/ M — 1 / S S *w f ) ( j \s- 

)^\ W(Y+2) ^ W1025^W1026 ^(2048-X) ^ W(2049--XJ W2048 ^ 



Figure 4. Read Cycle 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc V to 7 V 

Input voltage, V| 7 V 

Voltage applied to a disabled 3-state output 5.5 V 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg -65°Cto150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 



recommended operating conditions 





ACT7807-15 


ACT7807-20 


ACT7807-25 


'ACT7807-40 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


v cc Supply voltage 


4.5 5.5 


4.5 5.5 


4.5 5.5 


4.5 5.5 


V 


V|h High-level input voltage 


2 


2 


2 


2 


v 


V||_ Low-level input voltage 


0.8 


0.8 


0.8 


0.8 


v 


'OH High-level output current 


Q outputs, flags 


-8 


-8 


-8 


-8 


mA 


Iql Low-level output current 


Q outputs 


16 


16 


16 


16 


mA 


Flags 


8 


8 


8 


8 


*clock Clock frequency 


67 


50 


40 


25 


MHz 


t w Pulse duration 


WRTCLK high or low 


6 


8 


9 


13 


ns 


RDCLK high or low 


Q 


3 


g 


13 


PEN low 


6 


9 


9 


13 


t su Setup time 


D0-D8 before 
WRTCLK? 


4 


5 


5 


5 


ns 


WRTEN1 , WRTEN2 
before WRTCLKt 


4 


5 


5 


5 


OE, RDEN1, RDEN2 
before RDCLKt 


5 


6 


6 


6.5 


Reset: RESET low 
before first WRTCLKT 
and RDCLKT* 


7 


8 


8 


8 


PEN before WRTCLKT 


4 


5 


5 


5 


t n Hold time 


DO- D8 after WRTCLKT 


0 


0 


0 


0 


ns 


WRTEN1 , WRTEN2 
after WRTCLKT 


0 


0 


0 


0 


OE, RDEN1, RDEN2 
after RDCLKT 


0 


0 


0 


0 


Reset: RESET low after 
fourth WRTCLKT and 
RDCLKT* 


5 


5 


5 


5 


PEN high after 
WRTCLK4- 


0 


0 


0 


0 


PEN low after 
WRTCLKT 


3 


3 


3 


3 


T"a Operating free-air temperature 


0 70 


0 70 


0 70 


0 70 


°C 



$ To permit the clock pulse to be utilized for reset purposes 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


VOH 


Vqc = 4 - 5 v > Ioh = ~ 8 mA 


2.4 


V 


vol 


Flags 


V<x = 4.5V, lQL = 8mA 


0.5 


V 


Q outputs 


V C C = 4.5V, l 0 L=16mA 


0.5 


"i 


V C C = 5.5 V, V| =V C C or 0 


±5 


HA 


ioz 


VcC = 5.5V, V O =V C Cor0 


±5 


MA 


ice 


VQC - 5.5 V, V| = Vqc - 0.2 V or 0 


400 


jiA 


AlCG* 


WRTEN1/DP9 


Vqc = 5.5 V, One input at 3.4 V, Other inputs at Vqc or GND 


2 


mA 


Other inputs 


1 


Ci 


V| = 0, f = 1 MHz 


4 


pF 


Co 


Vq = 0, f m 1 MHz 


8 


PF 



t All typical values are at Vqc = 5 V, Ta = 25°C. 

$ This is the supply current for each input that is at one of the specified TTL voltage levels rather 0 V or Vqc- 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figures 9 and 10) 



PARAMETER 


FROM 


TO 


'ACT7807-15 


ACT7807-20 


ACT7807-25 


ACT7807-40 


UNIT 


(INPUT) 


(OUTPUT) 


MIN 


TYPt MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


fmax 


WRTCLK or 
RDCLK 




67 


50 


40 


25 


MHz 


tpd 


RDCLKT 


Any Q 


3 


9 12 


3 


13 


3 


18 


3 


25 


ns 


tpd § 


8 








tpd 


WRTCLKT 


IR 


1 


9 


1 


12 


1 


14 


1 


16 


ns 


tpd 


RDCLKT 


OR 


1 


9 


2 


12 


2 


14 


2 


16 


ns 


tpd 


WRTCLKT 


AF/AE 


2 


16 


2 


20 


2 


25 


2 


30 


ns 


RDCLKT 


2 


17 


2 


20 


2 


25 


2 


30 


tPLH 


WRTCLKT 


HF 


2 


19 


2 


21 


2 


23 


2 


25 


ns 


tPHL 


RDCLKT 


2 


16 


2 


18 


2 


20 


2 


22 


tPLH 


RESET low 


AF/AE 


1 


12 


1 


18 


1 


22 


1 


24 


ns 


tPHL 


HF 


2 


12 


2 


18 


2 


22 


2 


24 


*en 


OE 


AnyQ 


2 


10 


2 


13 


2 


15 


2 


18 


ns 


*dis 


1 


11 


1 


13 


1 


15 


1 


18 



t All typical values are at Vqc = 5 V, Ta = 25°C. 

§This parameter is measured with C|_ = 30 pF (see Figure 5). 



operating characteristics, Vqc = 5 V, = 25°C 



PARAMETER 


TEST CONDITIONS 


TYP 


UNIT 


Cpd 


Power dissipation capacitance per FIFO channel 


Outputs enabled 


C L = 50 pF, f = 5 MHz 


91 


PF 
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TYPICAL CHARACTERISTICS 



PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 



typ + 8 
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Figure 5 
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Figure 6 
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TYPICAL CHARACTERISTICS 

calculating power dissipation 

With lcc(f) taken from Figure 6, the maximum power dissipation (Pj) of the SN74ACT7807 can be calculated 
by: 

PT = V C C x ['CG(f) + (N x AI CC * Cfc)] + S (C L x V CC 2 x f 0 ) 

A more accurate power calculation based on device use and average number of data outputs switching can be 
found by: 

PT = V CC x [lcC(l) + (N x AI CC x dc)] + Z (C pd x V CC 2 x f,) + E (C L x V CC 2 x f 0 ) 
where: 

lcc(l) = 'die Ice maximum (see Figure 7) 

N = number of inputs driven by a TTL device 

A Ice = increase in supply current 

dc = duty cycle of inputs at a TTL high level of 3.4 V 

Cpd = power dissipation capacitance 

C|_ = output capacitive load 

fj = data input frequency 

f 0 = data output frequency 



I 

V C C = 4.5 V 
V CC = 5 V 












V CC 

T A = 25° 


= 5.5 V 




































- Slope = 0.0 


7 































0 10 20 30 40 50 60 70 



f - Frequency - MHz 

Figure 7. SN74ACT7807 Idle l cc With WRTCLK Switching, 
Other Inputs at 0 or Vcc - 0.2 V and Outputs Disconnected 
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CLOCK 

WRTCLK 
WRTEN1 
WRTEN2 
IR 

D0-D8 



APPLICATION INFORMATION 



SN74ACT7807 
WRTCLK RDCLK < 



WRTEN1/DP9 

WRTEN2 

IR 

D0-D8 



OR 
RDEN1 
RDEN2 

OE 

Q0-Q8 



5V 



SN74ACT7807 
> WRTCLK RDCLK < 

WRTEN1/DP9 RDEN1 
WRTEN2 RDEN2 
IR OR 
OE 



D0-D8 



Q0-Q8 



J 



RDCLK 

RDEN1 

RDEN2 

OR 

OE 

Q0-Q8 



Figure 8. Word-Depth Expansion: 4096 Words by 9 Bits 
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^> D0-D8 
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OR 
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WRTEN2 
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D0-D8 
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OR 
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Q0-Q8 
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OE 
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Figure 9. Word-Width Expansion: 2048 Words by 18 Bits 
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From Output 
Under Test 



RL = 500 Q. 



PARAMETER MEASUREMENT INFORMATION 

Input 

C|_ = 50 pF 



X 



1.5 V 



3V 
0V 



tpd- 



tpd 



Output 



-— 3V 



1.5 V 



LOAD CIRCUIT TOTEM-POLE OUTPUTS 

Figure 10. Standard CMOS Outputs (IR, OR, HF, AF/AE) 
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,0V 
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c L t 


S1 


ten 
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50 pF 
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tPZL 


Closed 


klis 


tPHZ 


500 Q 


50 pF 
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Closed 
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500 Q 


50 pF 
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t Includes probe and test fixture capacitance 
Figure 11. 3-State Outputs (Any Q) 
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• Load Clocks and Unload Clocks Can Be • Expansion Logic for Depth Cascading 
Asynchronous or Coincident # Empty, Full, and Half-Full Flags 

• 2048 Words by 9 Bits # Fall-Through Time of 20 ns Typ 

• Low-Power Advanced CMOS Technology » Data Rates From 0 10 50 MHz 

• Fast Access Times of 15 ns With a 50-pF # 3-State Outputs 

Load • Available in 44-Pin PLCC (FN), 

• Programmable Almost-Full/Almost-Empty Space-Saving 64-Pin Thin Quad Flat (PM), 
F,a 9 and Reduced-Height 64-Pin Quad Flat 

(PAG) Packages 

description 

A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. The SN74ACT7808 is a 2048-word by 9-bit FIFO designed for high speed and fast access times. 
It processes data at rates up to 50 MHz and access times of 1 5 ns in a bit-parallel format. 

Data is written into memory on a low-to-high transition at the load-clock (LDCK) input and is read out on a 
low-to-high transition at the unload-clock (UNCK) input. The memory is full when the number of words clocked 
in exceeds the number of words clocked out by 2048. When the memory is full, LDCK signals have no effect 
on the data residing in memory. When the memory is empty, UNCK signals have no effect. 



Status of the FIFO memory is monitore d by the full (FULL), empty (EMPTY), half-full (HF), and 
almost-full/almost-emp ty (AF/A E) flags. The FULL output is low when the memory is full and high when the 
memory is not full. The EMPTY output is low when the memory is empty and high when it is not empty. The HF 
output is high when the FIFO contains 1 024 or more words and is low when it contains 1 023 or less words. The 
AF/AE status flag is a programmable flag. The first one or two low-to-high transitions of LDCK after reset can 
be us ed to program the almost-empty offset value (X) and the almost-full offset value (Y) if program enable 
(PEN) is low. The AF/AE flag is high when the FIFO contains X or less words or (2048 - Y) or more words. The 
AF/AE flag is low when the FIFO contains between (X + 1 ) and (2047 - Y) words. 



A low le vel on th e reset (RESET) input resets the internal stack pointers and sets FULL high, AF/AE high, HF 
low, and EMPTY low. The Q outputs are not reset to any specific logic level. The FIFO must be reset upon power 
up. 



The first word loaded into empty memory causes EMPTY to go high and the data to appear on the Q outputs. 
It is important to note that the first word does not have to be unloaded. Data outputs are noninverting with respect 
to the data inputs and are in the high-impedance state when the output-enable (OE) input is low. OE does not 
affect the output flags. 

Cascading is easily accomplished in the wo rd-width and word-depth directions. When not using the FIFO in 
depth expansion, cascade enable (CASEN) must be tied high. 

The SN74ACT7808 is characterized for operation from 0°C to 70°C. 



publication date. ™ a Copyright © 1995, Texas Instruments Incorporated 

Texas Instruments W>tm 



rnuuuv/iiuiM umim information is current as 01 puDiicanon oaie. h s 

Products conform to specifications per the terms of Texas Instruments l/i 

standard warranty. Production processing does not necessarily Include ^t'V TV^>r a 

testing of ail parameters. 1EXAS 
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logic symbolt 



RESET 
LDCK 
UNCK 
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FL 
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D6 
D7 
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19 
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FIFO 2048x9 
SN74ACT7808 

RESET FULL 
> LDCK HALF FULL 

t> UNCK ALMOST FULL/EMPTY 
EN1 EMPTY 
-N PROGRAM ENABLE 

FIRST LOAD EXPANSION OUT 
CASCADE ENABLE 



EXPANSION IN 
DATA PIN 9 



I Data ^> | Data^ > 1V 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and I EC Publication 617-12. 
Pin numbers shown are for the FN package. 
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functional block diagram 
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Terminal Functions 



TERMINAL 

MA MP 


I/O 


DESCRIPTION 


AF/AE 


o 


Almost-full/almost-empty flag. Depth-offset values can be programmed for AF/AE or the default value of 256 can be used 

lui uuu i ii io an i luoi oi i ipiy uiiooi ^/\ j ai iu u ic am ivsoi iuii uiidoi V ' / ■ »»r / io i ny 1 1 w i ioi i 1 1 ioi i iui y v/vi nan io /\ \ji iooo wui uo 

or (2048 - Y) or more words. AF/AE is high after reset. 


CASENT 


I 


Cascade enable. When multiple SN74ACT7808 devices are depth cascaded, every device must have CASEN tied low. 
CASEN must be tied high when a device is not used in depth expansion. 


D0-D8 


I 


Nine-bit data input port 


DP9 


I 


DP9 is used as the most significant bit when programming the AF/AE offset values. 


EMPTY 


0 


Empty flag. EMPTY is low when the FIFO memory is empty. A FIFO reset also causes EMPTY to go low. 


r=r~+ 
FLT 


I 


First load. When multiple SN74ACT7808 devices are depth cascaded, the first device in the chain must have its FL input 
tied low and all other devices must have their FL inputs tied high. 


FULL 


0 


Full flag. FULL is low when the FIFO is full. A FIFO reset causes FULL to go high. 


HF 


0 


Half-full flag. HF is high when the FIFO memory contains 1024 or more words. HF is low after reset. 


LDCK 


I 


Load clock. Data is written to the FIFO on the rising edge of LDCK when FULL is high. 


OE 


I 


Output enable. When OE is low, D0-D8 are in the high-impedance state. 


PEN 


I 


Program enable. After reset and before the first word is written to the Fl FO, the binary value on DO- D8 and DP9 is latched 
as an AF/AE offset value when PEN is low and LDCK is high. 


Q0-Q8 


0 


Nine-bit data output port 


RESET 


I 


Reset. A low level on RESET resets the FIFO and drives FULL and AF/AE high and HF and EMPTY low. 


UNCK 


I 


Unload clock. Data is read from the FIFO on the rising edge of UNCK when EMPTY is high. 


xit 


I 


Expansion input (XI) and expansion output (XO). When multiple SN74ACT7808 devices are depth cascaded, the XO 
of one device must be connected to the XI of the next device in the chain. The XO of the last device in the chain is 
connected to the XI of the first device in the chain. 


xot 


0 



t See Figures 5 and 6 for application information on FIFO word-width and word-depth expansions, respectively. 
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offset values for AF/AE 

The almost-full/almost-empty flag has two programmable limits: the almost-empty offset value (X) and the 
almost-full offset value (Y). They can be programmed after the FIFO is reset and before the first word is written 
to memory. If the offsets are not programmed, the default values of X = Y = 256 are used. The AF/AE flag is 
high when the FIFO contains X or less words or (2048 - Y) or more words. 

To program the offset values, program enable (PEN) can be brought low after reset only when LOCK is low. On 
the following low-to-high transition of LDCK, the binary valu e on D 0-D8 and DP9 is stored as the almost-empty 
offset value (X) and the almost-full offset value (Y). Holding PEN low for another low-to-high transition of LDCK 
reprograms Y to the binary value on D0-D8 and DP9 at the time of the second LDCK low-to-high transition. 
Writes to the FIFO memory are disabled while the offsets are programmed. A maxim um va lue of 1023 can be 
programmed for either X or Y (see Figure 1 ). To use the default values of X = Y = 256, PEN must be held high. 



RESET 





Figure 1. Programming X and Y Separately 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc • V to 7 V 

Input voltage, V| 7 V 

Voltage applied to a disabled 3-state output 5.5 V 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 



recommended operating conditions 





'ACT7808-20 


ACT7808-25 


'ACT7808-30 


'ACT7808-40 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


ft fllftl ft£ A \f 

MIN MAX 


VrjC Supply voltage 


4.5 5.5 


4.5 5.5 


4.5 5.5 


4.5 5.5 


V 


V|h High-level input voltage 


XI 


3.85 


3.85 


3.85 


3.85 


v 


Other inputs 


2 


2 


2 


2 


V||_ Low-level input voltage 


0.8 


0.8 


0.8 


0.8 


v 


Iqh High-level output current 


-8 


-8 


-8 


-8 


mA 


Iql Low-level output current 


Q outputs 


16 


16 


16 


16 


mA 


Flags 


8 


8 


8 


8 


fclock Clock frequency 


50 


40 


33.3 


25 


MHz 


t w Pulse duration 


LDCK high or low 


8 


9 


11 


13 


ns 


UNCK high or low 


8 


9 


11 


13 


PEN low 


9 


9 


11 


13 


RESET low 


10 


13 


16 


19 


t su Setup time 


DO- D8, DP9 before 
LDCKT 


5 


5 


5 


5 


ns 


LDCK inactive 
before RESET high 


5 


5 


5 


5 


PEN before LDCKT 


5 


5 


5 


5 


t n Hold time 


D0-D8, DP9 after 
LDCKT 


0 


0 


0 


0 


ns 


LDCK inactive after 
RESET high 


5 


5 


5 


5 


PEN low after LDCK? 


4 


4 


4 


4 


PEN high after LDCK 
low 


0 


0 


0 


0 


Ta Operating free-air temperature 


0 70 


0 70 


0 70 


0 70 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPT 


MAX 


UNIT 


VOH 


VCC = 4.5V. 


l 0H = - 8 mA 


2.4 


v 


vol 


Flags 


V C C = 4.5V, 


Iql = 8 mA 


0.5 


V 


Q outputs 


V C C = 4.5V, 


lOL = 16 mA 


0.5 


ii 


V C C = 5.5V, 


V| =Vcc or 0 


±5 


MA 


ioz 


V C C = 5.5 V, 


v O = V CC or 0 


±5 


HA 


•cc 


V C C = 5.5V, 


V| = V C C-0.2VorO 


400 


HA 


AlGC* 


V C C = 5.5V, 


One input at 3.4 V, Other inputs at Vcc or GND 


1 


mA 


Ci 


V| = 0, 


f = 1 MHz 


4 


PF 


Co 


v 0 = o, 


f = 1 MHz 


8 


pF 



t All typical values are at Vcc = 5 V, T A = 25°C. 

$ This is the increase in supply current for each input, excluding XI, that is at one of the specified TTL voltage levels rather 0 V or Vcc- 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figures 7 and 8) 



PARAMETER 


FROM 


TO 


ACT7808-20 


ACT7808-25 


ACT7808-30 


ACT7808-40 


UNIT 


(INPUT) 


//%■ ITHI IT\ 

(OUTPUT) 


MIN 


TYPt MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


fmax 


LOCK or UNCK 




50 


40 


33.3 


25 


MHz 


tpd 


LDCKT 




5 




20 


5 


22 


5 


25 


5 


28 




UNCKT 


Any Q 


4.5 


11 


15 


4.5 


18 


4.5 


20 


4.5 


22 


ns 


tpd§ 




10 










tPLH 


LDCKt 




4 15 


4 


17 


4 


19 


4 


21 




tPHL 


UNCKT 


EMPTY 


2 




15 


2 


17 


2 


19 


2 


21 


ns 


RESET low 




2 




16 


2 


18 


2 


20 


2 


22 




tPHL 


LDCKt 




4 




15 


4 


17 


4 


19 


4 


21 




tPLH 


UNCKT 


FULL 


4 




14 


4 


16 


4 


18 


4 


20 


ns 


RESET low 




2 




18 


2 


20 


2 


22 


2 


24 




tpd 


LDCKT 




2 




16 


2 


18 


2 


20 


2 


22 




UNCKT 


AF/AE 


2 




16 


2 


18 


2 


20 


2 


22 


ns 


tPLH 


RESET low 




0 




10 


0 


12 


0 


14 


0 


16 




tPLH 


LDCKT 




2 




19 


2 


21 


2 


23 


2 


25 




tPHL 


UNCKT 


HF 


2 




16 


2 


18 


2 


20 


2 


22 


ns 


RESET low 




2 




12 


2 


14 


2 


16 


2 


18 




tPLH 


UNCKT 


XO 


2 




11 


2 


13 


2 


15 


2 


17 


ns 


tPHL 


LDCKT 


2 




11 


2 


13 


2 


15 


2 


17 


*en 


OE 


Any Q 


1 




10 


1 


12 


1 


14 


1 


16 


ns 


tdis 


1 




9 


1 


11 


1 


13 


1 


15 


ten 


XI high 


AnyQ 


3 




13 


3 


15 


3 


17 


3 


19 


ns 


tdis 


XO high 


4 


4 


4 


4 



t All typical values are at Vcc = 5 V, 1"a = 25°C. 

§This parameter is measured with C|_ = 30 pF (see Figure 3). 



operating characteristics, Vcc = 5 V, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


TYP 


UNIT 


Cpd 


Power dissipation capacitance per FIFO channel 


Outputs enabled 


C|_ = 50 pF, f = 5 MHz 


91 


PF 



TEXAS 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 4-27 



SN74ACT7808 
2048x9 

STROBED FIRST-IN, FIRST-OUT MEMORY 

SCAS205B - FEBRUARY 1991 - REVISED SEPTEMBER 1995 



TYPICAL CHARACTERISTICS 



PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 

typ + 8 



|> typ + 2 

a. 

2 

Q. 

J typ 



typ -2 

0 50 100 150 200 250 300 
C|_ - Load Capacitance - pF 
Figure 3 
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TYPICAL CHARACTERISTICS 

calculating power dissipation 

With lcc(f) taken from Figure 4, the maximum power dissipation (Pj) of the SN74ACT7808 can be calculated 
by: 

PT = Vcc x [lcC(f) + (N x Al cc x dc)] + 2 (C L x V C c 2 x f 0 ) 

A more accurate power calculation based on device use and average number of data outputs switching can be 
found by: 

PT = V C C x [Ice + (N x Ai CC x dc)] + Z (C pd x V CC 2 x fj) + 2 (C L x V CC 2 x f 0 ) 
where: 

Ice = power-down Ice maximum 

N = number of inputs driven by a TTL device 

A Ice = increase in supply current 

dc = duty cycle of inputs at a TTL high level of 3.4 V 

Cpd = power dissipation capacitance 

Cl = output capacitive load 

fj = data input frequency 

f 0 = data output frequency 
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APPLICATION INFORMATION 



LDCK 



FULL 



<3 



D9-D17 



D0-D8 



SN74ACT7808 
• LDCK UNGK<f- 



FULL 



^> D0-D8 



CASEN 
1 



EMPTY 

OE 
Q0-Q8 



:> 



SN74ACT7808 
LDCK UNCK<t 



FULL 



D0-D8 



CASEN 
— ^ 



EMPTY 

OE 
Q0-Q8 



UNCK 

EMPTY 
OE 

Q9-Q17 



Q0-Q8 



Figure 5. Word-Width Expansion: 2048 Words by 18 Bits 
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APPLICATION INFORMATION 



depth cascading (see Figure 6) 



The S N74ACT 7808 provides expansion logic necessary for cascading an unlimited number of the FIFOs in 
depth. CASEN must be low onall FIFOs used in depth expansion. FL must be tied low on the first FIFO in the 
chain; all others must have FL tied high. The expansion-out (XO) output of a FIFO must be tied to the 
expansion-in (XI) input of the next FIFO in the chain. The XO output of the last FIFO is tied to the XI input of 
the first FI FO to complete the loop. Data buses are common to each FIFO in the chain. A composite EMPTY 
and FULL signal must be generated to indicate boundary conditions. 



RESET 



D0-D8 ' 



.z 



LDCK- 



FL CASEN 
SN74ACT7808 



XI 



XO 



RESET OE 

D0-D8Q0-Q8 

LDCK < - 
UNCK 



FULL EMPTY 



FULL 



<3E 



FL CASEN 
SN74ACT7808 



H 



XI 



XO 



RESET OE 



D0-D8 Q0-Q8 



LDCK 



UNCI^ 



FULL EMPTY 



H 



FL CASEN 
SN74ACT7808 



XI 



XO 



RESET OE 

D0-D8Q0-Q8 

LDCK < 
UNCK 



FULL EMPTY 



OE 



Q0-Q8 



UNCK 



3D- 



EMPTY 



Figure 6. Depth Cascading to Form a 6K x 9 FIFO 
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From Output 
Under Test 



R L = 500a 



PARAMETER MEASUREMENT INFORMATION 

Input j f 

\ 

C L = 50 pF *~ 



^1.5 V 



tpd- 



tpd 



Output 



LOAD CIRCUIT 



TOTEM-POLE OUTPUTS 



Figure 7. Standard CMOS Outputs (XO, EMPTY, FULL, AF/AE, HF) 



3V 

ov 

3 V 

ov 



7V 



L R L = 



R1 = R2 



S1 



R1 



From Output 
Under Test 



C L : 



Test 
Point 



R2 



LOAD CIRCUIT 



Input 



f\ 



1.5 



V \ 1.5V 



tpZL -*| Wt I 

tpLZ -+| W- 



Output 



3V 



OV 




*3.5V 



tpZH -W H- 



tPHZ -WW- 11 0.3 V 



Output 



VOH 



0.3 V 



= 0V 



VOLTAGE WAVEFORMS 



PARAMETER 


R1, R2 


c L t 


S1 


ten 


tpZH 


500 a 


50 pF 


Open 


tPZL 


Closed 


tdis 


tPHZ 


500 Q 


50 pF 


Open 


tPLZ 


Closed 


tpd 


500 Q 


50 pF 


Open 



t Includes probe and test fixture capacitance 
Figure 8. 3-State Outputs (Any Q) 
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General Information 



1 



Telecom Single-Bit FIFOs 


2 


Reduced-Width FIFOs 




9-Bit Clocked/Strobed FIFOs 


E 


8- and 9-Bit Asynchronous FIFOs 


5 


0-Bit Synchronous FIFOs 


6 


18-Bit Clocked FIFOS E 


18-Bit Strobed FIFOs 


8 


Multi-O™ 18-Bit FIFO 


9 


3.3-V Low-Powered 18-Bit FIFOs 


10 


DSP $2- and 36-Bit Clocked FIFOs 


11 


internetworking 36-Bit Clocked FIFOs 


12 


High-Bandwidth Computing 36-Bit Clocked FIFOs 


13 


Military FIFOs 


14 


Application Reports 


15 


Mechanical Data 


16 
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8- AND 9-BIT ASYNCHRONOUS FIFOS 
Features Benefits 



Q) 
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• Multiple-speed sort options 

• Depth from 256 to 4K words 

• Fast data-access time of 1 5 ns 

• Bit-width and word-depth expandable 

• Empty, full, and half-full flags 

• Compatible to 720x pinout 

• Tl has established an alternate source 



• Design flexibility 

• Optimize depth for specific application 

• Increased system performance 

• Allows interface to larger and deeper data 
paths 

• Multiple status flags to ease design efforts 

• Drop-in replaceable to existing layouts 
and designs 

• Standardization that comes from a 
common-product approach 
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• Independent Asychronous Inputs and 
Outputs 

• Bidirectional 

• 32 Words by 9 Bits 

• Programmable Depth 

• Data Rates from 0 to 40 MHz 

• Fall-Through Time . . . 22 ns Typ 

• 3-State Outputs 

description 

This 576-bit memory uses advanced low-power 
Schottky IMPACT-X™ technology and features 
high speed and fast fall-through times. It consists 
of two FIFOs organized as 32 words by 9 bits 
each. 

A FIFO memory is a storage device that allows 
data to be written into and read from its array at 
independent data rates. These FIFOs are 
designed to process data at rates from 0 to 40 
MHz in a bit-parallel format, word by word. 

The SN74ALS2238 consists of bus-transceiver 
circuits, two 32 x 9 FIFOs, and control circuitry 
arranged for multiplexed transmission of data 
directly from the data bus or from the internal FIFO 
memories. Enables GAB and GBA are provided to 
control the transceiver functions. The SAB and 
SBA control pins are provided to select whether 
real-time or stored data is transferred. The 
circuitry used for select control eliminates the 
typical decoding glitch that occurs in a multiplexer 
during the transition between stored and real-time 
data. A low level selects real-time data and a high 
selects stored data. Eight fundamental 
bus-management functions can be performed as 
shown in Figure 1 . 

Data on the A or B data bus, or both, is written into 
the FIFOs on a low-to-high transition at the load 
clock (LDCKA or LDCKB) input and is read out on 
a low-to-high transition at the unload clock 
(UNCKA or UNCKB) input. The memory is full 
when the number of words clocked in exceeds, by 
the defined depth, the number of words clocked 
out. 

When the memory is full, LDCK signals have no 
empty, UNCK signals have no effect. 
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effect on the data residing in memory. When the memory is 



IMPACT-X is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA Information Is current as of publication date. mm Copyright © 1 990, Texas Instruments Incorporated 

Texas Instrum 



Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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description (continued) 



Status of th e FIFO memories is monitored by the FULLA, FULLB, EMPT YA, and EMPTYB output flags. The 
FULLA and FULLB are definable full flags. A high-to-low transition on DAF stores the binary value of AO through 
A4 into a register for use as the value of X. A high-to-low transition on DBF stores the binary value of BO through 
B4 into a register for use as the value of Y. In this way, the depth of either FIFO can be defined to be one to 
32 words deep. The val ue of X and Y must be defined after power up or the stored value of X and Y will be 
ambiguous. The FULLA and FULLB outputs are low when their corresponding memories are full and high when 
the memories are not full. 



The EMPTYA and EMPTYB outputs are low when their corresponding memories are empty and high when they 
are not empty. The status flag outputs are always active. 



A low-lev el pulse on the R STA o r RSTB inp uts res ets the c ontrol pointers on FIFO A or FIFO B and also sets 
EMPTYA lo w and FULLA high or EMPTYB low and FULL B high. The outputs are not reset to any specific logic 
levels. With DAF at a low level, a low-level pulse on RSTA sets FIF O A to a depth of 32 - X, where X is the value 
stored above. With DAF at a high level, a low level pulse on RSTA sets FIFO A to a depth of 32 words. The depth 
of FIFO B is set in a similar manner. The first low-to-hi gh transition on LDCKA or LDCKB, either after a reset 
pulse or from an empty condition, will cause EMPTYA or EMPTYB to go high and the data to appear on the 
Q outputs. It is important to note that the first word does not have to be unloaded. Cascading is easily 
accomplished in the word-width direction, but is not possible in the word-depth direction. 

The SN74ALS2238 is characterized for operation from 0°C to 70°C. 
logic symbolt 



SBA 
SAB 
GAB 
GBA 
RSTA 
DAF 

LDCKA 

UNCKA 
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A6 
A7 
A8 
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FIFO 
32 x 9 x 2 
SN74ALS2238 



MODE 



EN1 

EN2 

RESET A 
DEFAFULL 

> LDCKA 

> UNCKA 
FULLA 
EMPTYA 



RESET B 
DEF B FULL 
LDCKB < - 
UNCKB < - 

FULLB 
EMPTYB ^ 



40 



39 



26 



17 



25 



18 



3 


0 
8 




0 
8 


38 


4 


37 


5 


36 


7 


34 


8 


33 


9 


V<^AData> < BData^>v 


32 


10 


31 


13 


28 


14 


27 







RSTB 

DBF 

LDCKB 

UNCKB 

FULLB 

EMPTYB 

BO 
B1 
B2 
B3 
B4 
B5 
B6 
B7 
B8 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the N package. 
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logic diagram (positive logic) 




Pin numbers shown are for the N package. 
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Figure 1. Bus-Management Functions 
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timing diagram for FIFO fif 
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t Operation of FIFO B is identical to that of FIFO A. 

t X includes AO through A4 only. A5 through A8 are ignored. 
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SELECT-MODE CONTROL TABLE 



CONTROL 


OPERATION 


SAB SBA 


A BUS 


B BUS 


L L 
L H 
H L 
H H 


Real-time B to A bus 
FIFO B to A bus 

Real-time B to A bus 
FIFO B to A bus 


Real-time A to B bus 
Real-time A to B bus 
FIFO A to B bus 
FIFO A to B bus 



OUTPUT-ENABLE CONTROL TABLE 



CONTROL 


OPERATION 


GAB GBA 


A BUS 


BBUS 


H H 
L H 
H L 
L L 


A bus enabled 
A bus enabled 
Isolation / input to A bus 
Isolation/input to A bus 


B bus enabled 
Isolation/ input to B bus 

B bus enabled 
Isolation/ input to B bus 



programming procedure for depth of FIFO At 

Program: 

Step 1 . With RSTA at a high level, take DAF from a high level to a low level. The high-to-low transition on 
DAF stores the binary value of A0-A4 for use as the value of X in defining the depth of FIFO A. 

Step 2. With DAF held low, pulse the RSTA signal low. On the low-to-high transition of RSTA, FIFO A is set 
to a depth of 32 - X, where X is the value of A0-A4 stored above. 

Step 3. To redefine the depth of Fl FO A to 32 words, hold DAF at a high level and pulse the RSTA signal low. 
t The programming procedures used to define the depth of FIFO B are the same as the procedure above. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 



Supply voltage, Vqc • -0.5 V to 7 V 

Input voltage: Control inputs 7 V 

I/O ports ..5.5 V 

Voltage applied to a disabled 3-state output 5.5 V 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range -65°C to 1 50°C 

Maximum junction temperature 150°C 



$ Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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recommended operating conditions (see Note 1) 





MIN NOM MAX 


UNIT 


V CC Supply voltage 


4.5 5 5.5 


V 


V|h High-level input voltage 


2 


V 


V|i_ Low-level input voltage 


0.8 


V 


lOH High-level output current 


A or B ports 


-15 


mA 


Status flags 


-0.4 


Iql Low-level output current 


A or B ports 


24 


mA 


Status flags 


8 


f clock Clock frequency 


LDCKA or LDCKB 


0 40 


MHz 


UNCKA or UNCKB 


0 40 


t w Pulse duration 


RSTA or RSTB low 


17 


ns 


LDCKA or LDCKB low 


12.5 


LDCKA or LDCKB high 


10 


UNCKA or UNCKB low 


12.5 


UNCKA or UNCKB high 


10 


DAT or DBF high 


10 


t su Setup time 


Data before LDCKA or LDCKB? 


7 


ns 


Define depth: D4-D0 before DAF or DBFi 


6 


Define depth: DAF or DBFi before RSTA or RSTBt 


45 


Define depth (32): DAF or DBF high before RSTA or RSTBT 


32 


LDCKA or LDCKB (inactive) before RSTA or RSTBt 


5 


t n Hold time 


Data after LDCKA or LDCKBt 


3 


ns 


Define depth: D4- DO after DAF or DBFi 


4 


Define depth: DAF or DBF low after RSTA or RSTBt 


0 


Define depth (32): DAF or DBF high after RSTA or RSTBT 


0 


LDCKA or LDCKB (inactive) after RSTA or RSTBt 


5 


Ta Operating free-air temperature 


0 70 


°C 



NOTE 1 : To ensure proper operation of this high-speed Fl FO device, it is necessary to provide a clean signal to the LDCKA or LDCKB and UNCKA 
or UNCKB clock inputs. Any excessive noise or glitching on the clock inputs (which violates the V||_, Vm, or minimum pulse duration 
limits) can cause a false clock or improper operation of the internal read and write pointers. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|K 


Vcc = 4.5V, l|=-18mA 


-1.2 


V 


VOH 


Status flags 


Vqc - 4.5 v to 5.5 V, Iqh = "0.4 mA 


Vcc-2 


V 


A or B ports 


Vqc = 4 - 5 V, Ioh ■ " 2 mA 


VCG-2 


Vqc = 4.5 V, loH = -3 mA 


2.4 3.2 


VQC = 4-5 V, lQH = -15mA 


2 


vol 


A or B ports 


V C C = 4.5V, lQL=12mA 


0.25 0.4 


V 


Vcc = 4.5V, loL = 24mA 


0.35 0.5 


Status flags 


Vqc = 4.5 V, |ql = 4 mA 


0.25 0.4 


V^r» -45V \r\\ - P. mA 
vf,f, — *t.«j v, 'UL — ^ hi/a 


VJ.vJiJ \J.\J 


ii 


DAF, DBF, RSTA, RSTB, GAB, GBA, SAB, 
SBA, LDCKA, LDCKB, UNCKA, UNCKB 


Vrr = 5 5 V Vi = 7 V 


0.1 


mA 


A or B ports 


0.2 


!|H 


DAF, DBF, RSTA, RSTB, GAB, GBA, SAB, 
SBA, LDCKA, LDCKB, UNCKA, UNCKB 


VQC = 5.5 V, V| = 2.7V 


20 


uA 


A or B ports* 


40 


IlL 


DAF, DBF, RSTA, RSTB, GAB, GBA, SAB, 
SBA, LCKA, LDCKB, UNCKA, UNCKB 


Vqc - 5.5 V, V| = 0.4 V 


-0.2 


mA 


Aor B ports* 


-0.4 


io § 


Aor B ports* 


VQC = 5.5 V, Vo = 2.25 V 


-20 -130 


mA 


Status flags 


-15 -100 


ice 


V C C = 5.5 V 


190 350 


mA 



t All typical values are at Vqc = 5 V, T/\ = 25°C. 

* For I/O ports, the parameters I|h and include the offstate output current. 

§ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Iqs- 
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switching characteristics over recommended ranges of supply voltage and operating free-air temperature 
(see Figure 2) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


c L 

R1 
R2 


= 50 pF, 
= 500 ft, 
= 500 ft 




UNIT 








MIN 


TYPt 


MAX 




f max 


LDCK, UNCK 




40 


MHz 




ldckaT,. ldckbT 


B, A 


7 


22 


33 


ns 


unckaT, unckbT 


7 


20 


29 


tPLH 


LDCKA 1 , LDCKB 1 


EMPTYA, EMPTYB 


5 


12 


22 


ns 


tPHL 


1 IM/"'I/'A1 S I IMOl/'D'T 

UNUKA I , UNUr\b I 


5 


12 


22 


tPHL 


RSTAi, RSTBi 


EMPTYA, EMPTYB 


5 


12 


22 


ns 


tPHL 


LDCKAT, LDCKBT 


FULLA, FULLB 


5 


12 


22 


ns 


tPLH 


UNCKAT, UNCKBT 




5 


12 


23 


ns 


RSTA4,, RSTBI 


FULLA, FULLB 


6 


15 


28 


tpd 


SAB, SBAt 


B, A 


2 


11 


18 


ns 


A/B 


2 


8 


15 


*en 


GBA, GAB 


A, B 


2 


6 


15 


ns 


*dis 


GBA, GAB 


A, B 


1 


5 


12 


ns 



t All typical values are at Vqc = 5 V, Ta = 25°C. 

t These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 
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PARAMETER MEASUREMENT INFORMATION 



SWITCH POSITION TABLE 



S1 



From Output 
Under 



Test I 
C L = 5 0pF^L 

(see Note A) T 



Open 

R1 = 500C2 

— Test Point 



R2 = 500fl 



TEST 


S1 


tPLH 


Open 


tPHL 


Open 


tpZH 


Open 


tpZL 


Closed 


tPHZ 


Open 


tPLZ 


Closed 



LOAD CIRCUIT FOR 3-STATE OUTPUTS 



Timing 
Input 




0.3 V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note B) 



tPLH 
In-Phase 
Output 



3.5 V 

1.3 V 

0.3 V 

tpHL 
VOH 



vol 



tPHL 



At-* 



N N- tpLH 



I 



Out-of-Phase 
Output 



\i3v 



VOH 



t- - - vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



Hlgh-Level 
Pulse 



Low-Level 
Pulse 



V- 3v 



— t w - 

1.3 V 



1.3 V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



Output 
Control 



\ 13V tt 1.3 V 



tpZL 



Waveform 1 
S1 Closed 
(see Note C) 



-*| N- tpLZ 

ri" 



3.5 V 
0.3 V 

3.5 V 
0.3 V 



3.5 V 



0.3 V 



3.5 V 



tpzH M u- 



„ , X-Vql 
tPHZ-H K- ^ 0.3 V 



Waveform 2 
S1 Open 
(see Note C) 



H3t 



J_j*__ Vqh 

^— 0.3 V 

- ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Z 0 = 50 Q, t r < 2 ns, tj < 2 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 2. Load Circuit and Voltage Waveforms 
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• Independent Asynchronous Inputs and 
Outputs 

• 64 Words by 8 Bits 

• Data Rates From 0 to 40 MHz 

• Fall-Through Time . . . 20 ns Typical 

• 3-State Outputs 

description 

This 512-bit memory uses advanced low-power 
Schottky IMPACT-X™ technology and features 
high speed and fast fall-through times. It is 
organized as 64 words by 8 bits. 

A FIFO memory is a storage device that allows 
data to be written into and read from its array at 
independent data rates. The function is used as a 
buffer to couple two buses operating at different 
clock rates. This FIFO is designed to process data 
at rates from 0 to 40 MHz in a bit-parallel format, 
word by word. 

Data is written into memory on a low-to-high 
transition of the load clock (LDCK) input and is 
read out on a low-to-high transition of the unload 
clock (UNCK) input. The memory is full when the 
number of words clocked in exceeds by 64 the 
number of words clocked out. When the memory 
is full, LDCK signals have no effect on the data 
residing in memory. When the the memory is 
empty, UNCK signals have no effect. 

Status of the FIFO memory is moni tored by the 
FULL and EMPTY output flags. The FULL output 
is low when the memo ry is full and high when the 
memory is not full. The EMPTY output is low when 
the memory is empty and high when it is not 
empty. 



RST [ 1 
DO [ 2 
D1 [ 3 
D2 [ 4 
D3 [ 5 

V C C t 6 
D4 [ 7 
D5 [ 8 
D6 [ 9 
D7 [ 10 
FULL [ 11 
LDCK [ 12 



NT PACKAGE 
(TOP VIEW) 

o 



OE 

Q0 

Q1 

Q2 

Q3 

GND 

Q4 

Q5 

Q6 

Q7 

EMPTY 
UNCK 



FN PACKAGE 
(TOP VIEW) 

T- O CO OUJ O T- 

Q Q |DC ZO O O 

LJL-ILJLJLJLJLJ 



-i 4 3 2 1 2827 26 r 
D2]5 o 25[ Q2 

D3]6 24[Q3 

V cc ]7 23 [ GND 

NC ]8 22[NC 

D4]9 21 [Q4 

D5 ]10 20 [ Q5 

D6 ]11 19 C Q6 

I 12 13 14 15 16 17 18 

nnnnnnn I 



Qd O Z O 
Pq z 

ILL _, 3 



NC - No internal connection 



A low level on the reset (RST) input resets the internal stack control pointers and also sets EMPTY low and FULL 
hi gh. T he outputs are not reset to any specific log ic levels. The first low-to-high transition on LDCK, either after 
a RST pulse or from an empty condition, causes EMPTY to go high and the data to appear on the Q outputs. 
The first word does not have to be unloaded. Data outputs are noninverting with respect to the data inputs and 
are at a h igh -impeda nce state when the output-enable (OE) input is low. The OE input does not effect either 
the FULL or EMPTY output flags. Cascading is easily accomplished in the word-width direction, but is not 
possible in the word-depth direction. 

The SN74ALS2232A is characterized for operation from 0°C to 70°C. 



IMPACT-X is a trademark of Texas Instruments hicorgoratecl. 



PRODUCTION DATA Information is current as of Duplication date. - . Copyright © 1990, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments mSm 

standard warranty. Production processing does not necessarily Include ^t'w TUv* 

testing of all parameters. j\r 1 EXAS 
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logic symbolt 



RST 
LDCK 
UNCK 

OE 

DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 



1 ^ 


FIFO 64x8 


11 


CT = 0 (CT = 64) G1 

_ 

> 1(+/C2) 

> 3- (CT = 0) G3 


12 




13 


24 


23 


EN4 

h r 


2 


2D 4 V 


3 


22 




4 


21 




5 


20 




7 


18 




8 


17 




9 


16 




10 


15 









FULL 



EMPTY 



QO 
Q1 
Q2 
Q3 
Q4 
Q5 
Q6 
Q7 



t This symbol is in accordance with ANSI/IEEE Standard 91-1984 and IEC Publication 617-12. The symbol is functionally accurate but does not 
show the details of implementation; for these, see the logic diagram. The symbol represents the memory as if it were controlled by a single counter 
whose content is the number of words stored at the time. Output data is invalid when the counter content (CT) is 0. 

Pin numbers shown are for the NT package. 
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logic diagram (positive logic) 




Pin numbers shown are for the NT package. 
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timinig diagram 



RST 



-r 



LDCLK 



D0-D7 



UNCK 




fLTLTL 



JUVJLTL 



I 



r 



W1 W2 W3 

I 
I 



W1 W2 " W63 W64 



T 



Q0-Q7 ^InklfdV^ Word 1 

I L 

EMPTY I 



fi_n_fi 



jT_n_n_ 



Wordl 



FULL 



T 



I 



T 



Initialize Load 
Pointers W1 



Unload 
W2 



Empty 



Full 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vqc (see Note 1 ) — 7 V 

Input voltage 7 V 

Voltage applied to a disabled 3-state output 5.5 V 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range -65°Cto150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. This is a stress rating only, and 
functional operation of the device at these or any other conditions beyond those indicated in the "recommended operating conditions" section 
of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to GND. 
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recommended operating conditions 





MIN NOM MAX 


UNIT 


Vcc Supply voltage 


4.5 5 5.5 


V 


Vm High-level input voltage 


2 


V 


V||_ Low-level input voltage 


0.8 


V 


Iqh High-level output current 


Q outputs 


-2.6 


mA 


FULL, EMPTY 


-0.4 


lOL Low-level output current 


Q outputs 


24 


mA 


FULL, EMPTY 


8 


fclock Clock frequency 


LDCK, UNCK 


0 40 


MHz 


t w Pulse duration 


RST low 


25 


ns 


LDCK low 


13 


LDCK high 


12 


UNCK low 


13 


UNCK high 


12 


t su i Setup time, data before LDCKT 


5 


ns 


t SU 2 Setup time, RST high (inactive) before LDCKT 


5 


ns 


t n Hold time, data after LDCKT 


5 


ns 


T/\ Operating free-air temperature 


0 70 


°C 


electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER 


TEST CONDITIONSt 


MIN TYPt MAX 


UNIT 


V|K 


VCC = 4.5 V, l| = -18mA 


-1.2 


V 


V 0 H 


Q outputs 


Vcc ■ 4.5 V, loH = - 2.6 mA 


2.4 3.2 


V 


FULL, EMPTY 


Vcc = MIN ^ MAX, Iqh = 0.4 mA 


VCC-2 


vol 


Q outputs 


V C C = 4.5 V 


IOL=12mA 


0.25 0.4 


V 


Iql = 24 mA 


0.35 0.5 




V C C = 4.5 V 


Iql = 4 mA 


0.25 0.4 


FULL, EMPTY 


Iql = 8 mA 


0.35 0.5 


lOZH 


Vcc = 5.5 V, Vo = 2.7 V 


20 


PA 


'OZL 


Vcc = 5.5 V, Vo = 0.4 V 


-20 


MA 


l| 


VCC - 5.5 V, V| = 7 V 


0.1 


mA 


l|H 


VCC = 5-5 V, V| = 2.7 V 


20 


liA 


IlL 


CLKs 


VCC = 5.5 V, V| = 0.4 V 


-0.2 


mA 


Others 


-0.1 


io§ 


Q outputs 


Vcc = 5.5 V, Vo = 2.25 V 


-20 -130 


mA 


FULL, EMPTY 


-20 -112 


ice 


Vcc = 5-5 V 


175 270 


mA 



t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$ All typical values are at Vcc = 5 V, T/\ = 25°C. 

§ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Iqs- 
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switching characteristics (see Figure 1) 



DA D A METED 

PARAMeTcR 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V CC = 5V, 
Cl = 50 pF, 
R1 =500 a 
R2 = 500 Q, 
T A = 25°C 


™CC — *r.O V Is/ O.O V, 

Cl = 50 pF, 
R1 = 500 Q, 
R2 = 500 Q, 

T)\ = 0 C 10 70 t# 


UNIT 








MAX TYP 


MAX 


MIM MAY 

MIN MAX 




fmax 


LDCK, UNCK 






40 


MHz 


tpd 


LDCKT 


Any Q 


1 8 


26 


30 


ns 


UNOIN. 1 


18 


24 


27 


*PLH 


LDCKt 


EMPTY 


12 


16 


18 


ns 


tPHL 


UNCKT 


12 


17 


20 


tPHL 


RSTi 


EMPTY 


12 


17 


20 


ns 


tPHL 


LDCKT 


FULL 


16 


21 


22 


ns 


tPLH 


UNCKT 


FULL 


10 


15 


18 


ns 


RST4 


13 


19 


23 


*en 


OEt 


Q 


11 


15 


17 


ns 


*dis 


OEl 


Q 


11 


17 


19 


ns 
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PARAMETER MEASUREMENT INFORMATION 



S1 



From Output 
Under 



Test T~ 
Cl = 50 pF 



(see Note 



Open 

R1 = 500 Q 

— Test Point 



R2 = 500 Q 



SWITCH POSITION TABLE 



TEST 


S1 


tPLH 


Open 


tPHL 


Open 


IPZH 


Open 


tpZL 


Closed 


tPHZ 


Open 


tPLZ 


Closed 



LOAD CIRCUIT FOR 3-STATE OUTPUTS 



Timing 
Input 




0.3 V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note B) 



J 



1.3 V 



tPLH 
In-Phase 
Output 



k ^- tPHL 



3.5 V 



0.3 V 



— r 

tPHL -U W 



1.3 V | ^1.3 



Out-of-Phase 
Output 



N ^1.3V 



VOH 
1.3 V 

vol 

tPLH 

I 

I/— V 0 H 
1.3 V 

vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



High-Level 
Pulse 




Output 
Control 



VOLTAGE WAVEFORMS 
PULSE DURATION 



\ 1-3V /l.3V 



tPZL 



Waveform 1 
S1 Closed 
(see Note C) 



Waveform 2 
S1 Open 
(see Note C) 



3.5 V 



0.3 V 



3.5 V 




VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 



NOTES: A. Cl includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Z 0 = 50 Q, t r < 2 ns, tf < 2 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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Independent Asynchronous Inputs and 
Outputs 

64 Words by 9 Bits 
Data Rates From 0 to 40 MHz 
Fall-Through Time . . . 20 ns Typical 
3-State Outputs 



description 



N PACKAGE 
(TOP VIEW) 



RST[ 



u 

•j 


Oft 


o 


97 




9fi 


A 
"< 


OR 
ZD 


5 


24 


6 


23 




22 


8 


21 


9 


20 


10 


19 


11 


18 


12 


17 


13 


16 


14 


15 



] UNCK 



FN PACKAGE 
(TOP VIEW) 



CM t- O 

Q Q Q 



CO LU o t- 

kooo 



4 3 2 



28 27 26 



This 576-bit memory uses advanced low-power 
Schottky IMPACT-X™ technology and features 
high speed and fast fall-through times. It is 
organized as 64 words by 9 bits. 

A FIFO memory is a storage device that allows 
data to be written into and read from its array at 
independent data rates. The function is used as a 
buffer to couple two buses operating at different 
clock rates. This FIFO is designed to process data 
at rates from 0 to 40 MHz in a bit-parallel format, 
word by word. 

Data is written into memory on a low-to-high 
transition of the load clock (LOCK) input and is 
read out on a low-to-high transition of the unload 
clock (UNCK) input. The memory is full when the 
number of words clocked in exceeds by 64 the 
number of words clocked out. When the memory 
is full, LDCK signals have no effect on the data 
residing in memory. When the the memory is 
empty, UNCK signals have no effect. 

Status of the F IFO memory is monitored by the 
FULL, EMPTY, almost-full/almost- empty (AF/AE), 
and half-full (HF) output flags. The FULL output is 
low when the memor y is full a nd high when the 
memory is not full. The EMPTY output is low when 
the memory is empty, and high when it is not 

empty. The AF/AE flag is high when the FIFO contains eight or less words or 56 or more words. The AF/AE flag 
is low when the FIFO contains between nine and 55 words. The HF flag is high when the FIFO contains 32 or 
more words and is low when the FIFO contains 31 words or less. 



D3 ] 5 
v C c ] 6 

D4 ] 7 
D5 ] 8 
D6 ] 9 
D7 ] 10 
D8 ] 11 

12 13 14 15 16 17 18 

I nrnrnrirHnm 



H * 
=^ o o 



25[ Q2 
24[ Q3 
23[ GND 
22[ Q4 
21 [ Q5 
20[ Q6 
19[ Q7 



>- LL CO 
t X O 



A low level on the reset (RST) input resets the internal stack control pointers and also sets EMPTY low and FULL 
hi gh. T he outputs are not reset to any specific log ic levels . The first low-to-high transition on LDCK, either after 
a RST pulse or from an empty condition, causes EMPTY to go high and the data to appear on the Q outputs. 
The first word does not have to be unloaded. Data outputs are noninverting with respect to the data inputs and 
are at a h igh -impeda nce state when the output-enable (OE) input is low. The OE input does not effect either 
the FULL or EMPTY output flags. Cascading is easily accomplished in the word-width direction, but is not 
possible in the word-depth direction. 

The SN74ALS2233A is characterized for operation from 0°C to 70°C. 



IMPACT-X is a trademark of Texas Instruments Incoi 



PRODUCTION DATA Information Is current as of publication date. m . Copyright © 1990, Texas Instruments Incorporated 
Products conform to specifications per the terms of Texas Instruments w Sm 

standard warranty. Production processing does not necessarily include wl TV^-- - 

testing of all parameters. _ >f | EXAS 
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logic symbolt 



RST 
LDCK 
UNCK 

OE 

DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 



1 fs. 


FIFO 64x9 


17 


CTR CT>32 

CT = 0 

CT < 8/CT > 56 

_ 

> 1(+/C2) (CT-64)G1 
^ 3 " (CT = 0) G3 


12 


14 




15 


v 16 


28 


27 


EN4 

_J -L. 


2 


2D 4 V 


3 


26 




4 


25 




5 




24 




7 




22 




8 




21 




9 




20 




10 




19 




11 




18 











HF 

AF/AE 

RJLL 
EMPTY 



QO 
Q1 
Q2 
Q3 
Q4 
Q5 
Q6 
Q7 
Q8 



t This symbol is in accordance with ANSI/IEEE Standard 91-1 984 and IEC Publication 61 7-12. The symbol is functionally accurate but does not 
show the details of implementation; for these, see the logic diagram. The symbol represents the memory as if it were controlled by a single counter 
whose content is the number of words stored at the time. Output data is invalid when the counter content (CT) is 0. 
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logic diagram (positive logic) 



LDCK- 



UNCK- 



RST - 



DECODE 
LATCH 




p H COMP PH = Qh|— I 
PH = QH - 1 
PH = QH + 1 
PH = QH ♦ 4 
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timing diagram 

-T 



RST 



LDCK 



J 



i i 

UNCK _j [_ 



Q0-Q8 



EMPTY 



— J- 

FULL J 

I 



AF/AE 



HF 



Initialize 
Pointers 



Load 
W1 



\ A A A A A A 

Don't Care 

yy yv yv yy yv yv yv 



W1 



i L 



u 



Almost 
Empty+1 



Half Almost 
Full Full 



I I 
I I 

I Unload 
I W2 

I 

Full 



Empty 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vcc (see Note 1 ) 7 V 

Input voltage 7 V 

Voltage applied to a disabled 3-state output 5.5 V 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range - 65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. This is a stress rating only, and 
functional operation of the device at these or any other conditions beyond those indicated in the "recommended operating conditions" section 
of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to GND. 



recommended operating conditions 





MIN NOM 


MAX 


UNIT 


vcc 


Supply voltage 




4.5 5 


5.5 


V 


V|H 


High-level input voltage 




2 


V 


V|L 


Low-level input voltage 




0.8 


V 


'OH 


High-level output current 


Q outputs 


-2.6 


mA 


Flag outputs 


-0.4 


lOL 


Low-level output current 


Q outputs 


24 


mA 


Flag outputs 


8 


fclock 


Clock frequency 


LDCK, UNCK 


0 


40 


MHz 






RST low 


25 








LDCK low 


13 




t w 


Pulse duration 


LDCK high 


12 


ns 






UNCK low 


13 








UNCK high 


12 




*su1 


Setup time, data before LDCKt 




5 


ns 


*su2 


Setup time, RST high (inactive) before LDCKt 




5 


ns 


th 


Hold time, data after LDCKt 




5 


ns 


T A 


Operating free-air temperature 




0 


70 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


MIN TYP$ 


MAX 


UNIT 


V|K 


V C C = 4.5V, 


l| = -18mA 


-1.2 


V 


VOH 


Q outputs 


VCC = 4.5V, 


lOH =- 2 -6 mA 


2.4 3.2 


v 


Flag outputs 


Vcc = MIN to MAX, 


Iqh = °-4 mA 


VCC-2 




Q outputs 


V C C = 4.5V 


•OL = 12 mA 


0.25 


0.4 




vol 


lOL = 24 mA 


0.35 


0.5 


V 


Flag outputs 


VCC = 4.5 V 


Iql = 4 mA 


0.25 


0.4 






lOL = 8 mA 


0.35 


0.5 




lOZH 


VCC = 5.5 V, 


Vq = 2.7 V 


20 


HA 


'OZL 


VCC = 5.5 V, 


Vo = 0.4 V 


-20 


HA 


l| 


Vcc - 5.5 V, 


V| = 7V 


0.1 


mA 


l|H 


Vcc = 5.5 V, 


V| = 2.7 V 


20 


UA 


IlL 


CLKs 


V C C = 5.5 V, 


V| = 0.4 V 


-0.2 


mA 


Others 


-0.1 


l 0 § 


Q outputs 


V C C = 5.5 V, 


Vq = 2.25 V 


-20 


-130 


mA 


Flag outputs 


-20 


-112 


ice 


Vcc = 5.5 V 


175 


290 


mA 



t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
t All typical values are at Vcc = 5 V, Ta = 25°C. 

§ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Iqs- 
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switching characteristics (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
Cl = 50 pF, 

Ml — ow S»A 

R2 = 500 ft, 
T A = 25°C 


Vcc = 4.5 V to 5.5 V, 
Cl = 50 pF, 

Ri - O 
n l — ouu \z, 

R2 = 500 ft, 

Ta = 0°C to 70°C 


UNIT 


MIN TYP MAX 


MIN MAX 


fmax 


LDCK, UNCK 






40 


MHz 


l pd 


LDCKt 


AnyQ 


18 26 


30 


ns 


UNCKT 


18 24 


27 


tPLH 


LDCKT 




12 16 


18 


ns 


tPHL 


UNCKT 


EMPTY 


12 17 


20 


tPHL 


RSTi 


EMPTY 


12 17 


20 


ns 


tPHL 


LDCKt 


FULL 


16 21 


22 


ns 


tPLH 


UNCKT 


rULL 


10 15 


18 




RSTi 


13 19 


23 


tPLH 


LDCKT 


AF/AE 


22 27 


30 


ns 


tPHL 


19 25 


28 


tPLH 


UNCKT 


AF/AE 


22 27 


30 


ns 


tPHL 


17 23 


26 


tPLH 


RST4 


AF/AE 


12 16 


18 


ns 


tPLH 


LDCKT 


HF 


22 27 


30 


ns 


tPHL 


RSTl 


28 32 


35 


*PHL 


UNCKT 


HF 


16 22 


25 


ns 


*en 


OET 


Q 


11 15 


17 


ns 


*dis 


OEl 


Q 


11 17 


19 


ns 
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PARAMETER MEASUREMENT INFORMATION 



SWITCH POSITION TABLE 



S1 



From Output 
Under 



Test | 
C L = 5 0pF 



(see Note 



Open 

R1 =500a 

— Test Point 



R2 = 500 ft 



TEST 


S1 


*PLH 


Open 


tPHL 


Open 


tPZH 


Open 


tpZL 


Closed 


tPHZ 


Open 


tPLZ 


Closed 



LOAD CIRCUIT FOR 3-STATE OUTPUTS 



Timing 
Input 




0.3 V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note B) 



J 



. 3.5 V 



tPLH 
In-Phase 
Output 



1.3 V 



\?1 



y i.3v I 



tPHL 



4*— M 



— 0.3 V 

tPHL 

- V 0 H 
1.3 V 

vol 

tPLH 



Out-of-Phase 
Output 



I/— VOH 
1.3 V 

vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



High-Level 
Pulse 




Output 
Control 



Waveform 1 
S1 Closed 
(see Note C) 



Waveform 2 
S1 Open 
(see Note C) 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3.5 V 



0.3 V 



3.5 V 




VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 



NOTES: A. C[_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Z 0 = 50 Q, t r < 2 ns, tf < 2 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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Reads and Writes Can Be Asynchronous 

or Coincident 

Organization: 

- SN74ACT7200L - 256 x 9 

- SN74ACT7201 LA - 512 x 9 

- SN74ACT7202LA - 1024 x 9 

Fast Data Access Times of 15 ns 

Read and Write Frequencies up to 40 MHz 

Bit-Width and Word-Depth Expansion 

Fully Compatible With the 
IDT7200/7201/7202 

Retransmit Capability 

Empty, Full, and Half-Full Flags 

TTL-Compatible Inputs 

Available in 28-Pin Plastic DIP (NP), 
Small-Outline (DV), and 32-Pin Plastic 
J-Leaded Chip-Carrier (RJ) Packages 



DV OR NP PACKAGE 
(TOP VIEW) 



description 



The SN74ACT7200L, SN74ACT7201 LA, and 
SN74ACT7202LA are constructed with dual-port 
SRAM and have internal write and read address 
counters to provide data throughput on a first-in, 
first-out (FIFO) basis. Write and read operations 
are independent and can be asynchronous or 
coincident. Empty and full status flags prevent 
underflow and overflow of memory, and 
depth-expansion logic allows combining the 
storage cells of two or more devices into one 
FIFO. Word-width expansion is also possible. 

Data is loaded into memory by the write-enable 
(W) input and unloaded by the read-enable (R) 
input. Read and write cycle times of 25 ns 
(40 MHz) are possible with data access times of 
15 ns. 



W[ 


u 

1 


28 


]v C c 


D8 [ 


2 


27 


J D4 


D3[ 


3 


26 


J D5 


D2[ 


4 


25 


J D6 


D1[ 


5 


24 


]D7 


D0[ 


6 


23 


] FL/RT 


xi[ 




22 


]RS 


FF[ 


8 


21 


]EF 


Q0[ 


9 


20 


] XO/HF 


Q1[ 


10 


19 


]Q7 


Q2[ 


11 


18 


]Q6 


Q3[ 


12 


17 


]Q5 


Q8[ 


13 


16 


]Q4 


GND[ 


14 


15 


]R 



RJ PACKAGE 
(TOP VIEW) 

co oo O o ^ m 
Q Q |^ Z > Q Q 



T-ji ii ii ii iu_ jLT" 

. 4 3 2 1 32.31 30 . 
D2 ]5 o 29 C D6 

D1 ]6 28[ 07 

DO ]7 27pNC 
XI ]8 



FF ]9 
Q0 ]10 
Q1 ]11 
NC ]12 
Q2 ]13 



14 15 16 17 18 19 20 
i — i r — 1 1 — irni — ii — ii — i 



24 [ EF 
23 [ 
22 [ 
21 [ 



52 « Q O |0C % 
O O Z Z O O 
O 



NC - No internal connection 



26 [ FL/RT 
25[ 



RS 



XO/HF 
Q7 
Q6 



These devices are particularly suited for providing a data channel between two buses operating at 
asynchronous rates. Applications include use as rate buffers from analog-to-digital converters in data- 
acquisition systems, temporary storage elements between buses and magnetic or optical memories, and 
queues for communication systems. A 9-bit-wide data path is provided for the transmission of byte data plus 
a parity bit or packet-framing information. The read pointer can be reset independently of the write pointer for 
retransmitting previously read data when a device is not used in depth expansion. 

The SN74ACT7200L, SN74ACT7201 LA, and SN74ACT7202LA are characterized for operation from 0°C 
to 70°C. 



PRODUCTION DATA information Is current as of publication date. . . Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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SN74ACT7200L logic symbolt 



RS 
W 



XI 

FL/RT 



DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 



22 



_ 23 



15 



FIFO 256x9 
SN74ACT7200L 



^ 2,4CT = 0(RST) 

> 6 (WR PNTR) 

> 6C1 
G2 

(EXPAND) 
(1ST LOAD) 



2,4 (REXMIT) 
^ > 5 (RD PNTR) 



2(CT = 255) G6 
4(CT = 255) G6 
(CT = 256) G6 

(CT = 0) G5 

(EXPAND) 
CT>128 



5EN3 
G4 

(CT = WR PNTR - RD PNTR) 







s , 










21 




20 



6 


1D 3V 


9 


5 


10 




4 


11 




3 




12 




27 


16 




26 


17 




25 




18 




24 


19 




2 


13 









t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DV and NP packages. 



FF 



EF 

XO/HF 



Q0 
Q1 
Q2 
Q3 
Q4 
Q5 
Q6 
Q7 
Q8 
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SN74ACT7201 LA logic symbolt 



RS 
W 



X! 

FL/RT 



DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 



22 



_ 7 



23 



15 



2,4 CT = 0 (RST) 
- > 6 (WR PNTR) 
-> 6C1 
G2 



FIFO 512x9 

O 

SN74ACT7201 LA 



(EXPAND) 
(1ST LOAD) 
^| 2,4 (REXMIT) 

> 5 (RD PNTR) 



2(CT = 511)G6 
4(CT = 511)G6 
(CT = 512) G6 

(CT = 0) G5 

(EXPAND) 
CT > 256 



5EN3 
G4 



(CT = WR PNTR - RD PNTR) 



X < 








s 






21 


\ g 


20 



6 


1D 3V 


9 


5 


10 




4 




11 




3 




12 




27 




16 




26 




17 




25 


18 




24 




19 




2 




13 











t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DV and NP packages. 



FF 



EF 



XO/HF 



Q0 
Q1 
Q2 
Q3 
Q4 
Q5 
Q6 
Q7 
Q8 
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SN74ACT7202LA logic symbolt 



RS 
W 



XI 
FL/RT 



DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 



22 



_ 7 



23 



15 



27 



26 



25 



24 



2,4 CT = 0 (RST) 
- > 6 (WR PNTR) 
-> 6C1 
G2 



FIFO 1024x9 
SN74ACT7202LA 



(EXPAND) 
(1ST LOAD) 
■N 2,4 (REXMIT) 

■k> 5 (RD PNTR) 
5EN3 
G4 



2(CT = 1023) G6 
4(CT = 1023)G6 
(CT = 1024) G6 

(CT = 0) G5 

(EXPAND) 
CT>512 



(CT = WR PNTR - RD PNTR) 







S , 








s 


21 




20 



1D 



3V 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and I EC Publication 617-12. 
Pin numbers shown are for the DV and NP packages. 



10 



12 



16 



17 



18 



19 



13 



FF 



EF 

XO/HF 



Q0 
Q1 
Q2 
Q3 
Q4 
Q5 
Q6 
Q7 
Q8 
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functional block diagram 



D0-D8- 



W- 



RS- 
FL/RT- 



XI- 



Write 






Write 


Control 






Pointer 



Reset 
Logic 



Read 
Control 



Location 1 



Location 2 



256 x 9 or 
512x9 or 
1024x9 
RAM t 



Status- 
Flag 
Logic 



Expansion 
Logic 



Read 
Pointer 



=5* 



1 256 x 9 for SN74ACT7200L; 51 2 x 9 for SN74ACT7201 LA; 1 024 x 9 for SN74ACT7202LA 



Q0-Q8 



FF 
EF 



XO/HF 



RESET AND RETRANSMIT FUNCTION TABLE 
(single-device depth; single-or multiple-device width) 



INPUTS 


INTERNAL TO DEVICE 


OUTPUTS 


FUNCTION 


RS 


FURT 


XI 


READ POINTER 


WRITE POINTER 


EF FF 


XO/HF 


L 


X 


L 


Location zero 


Location zero 


L H 


H 


Reset device 


H 


L 


L 


Location zero 


Unchanged 


X X 


X 


Retransmit 


H 


H 


L 


Increment if EF high 


Increment if FF high 


X X 


X 


Read/write 


RESET AND FIRST- LOAD FUNCTION TABLE 
(multiple-device depth; single-or multiple-device width) 


INPUTS 


INTERNAL TO DEVICE 


OUTPUTS 


FUNCTION 


RS 


FURT 


XI 


READ POINTER 


WRITE POINTER 


EF 


FF 


L 


L 


t 


Location zero 


Location zero 


L 


H 


Reset first device 


L 


H 


t 


Location zero 


Location zero 


L 


H 


Reset all other devices 


H 


X 


t 


X 


X 


X 


X 


Read/write 



t XI is connected to XO/HF of the previous device in the daisy chain (see Figure 15). 
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Terminal Functions 



TERMINAL 

MA MP 
INHIVIE 


I/O 


DESCRIPTION 


D0-D8 


I 


Data inputs 


EF 


0 


Empty-flag output. EF is low when the read pointer is equal to the write pointer, inhibiting any operation initiated by a read 
cycle. When the FIFO is empty, a data word can be read automatically at Q0-Q8 by holding R low when loading the data 
word with a low-level pulse on W. 


FF 


0 


Full-flag output. FF is low when the write pointer is one location less than the read pointer, indicating that the device is 
full and inhibiting any operation initiated by a write cycle. FF goes low when the number of writes after reset exceeds the 
number of reads by 256 for the SN74ACT7200L, 512 for the SN74ACT7201LA, and 1024 for the SN74ACT7202LA. 
When the FIFO is full, a data word can be written automatically into memory by holding W low while reading out another 
data word with a low-level pulse on R. 


FL/RT 


I 


First-load/retransmit input. FL/RT performs two separate functions. When cascading two or more devices for word-depth 
expansion, FL/RT is tied to ground on the first device in the daisy chain to indicate that it is the first device loaded and 
unloaded; it is tied high on all other devices in the depth-expansion chain. 

A device is not used in depth expansion when its expansion (XI) input is tied to ground. In that case, FL/RT acts as a 
retransmit enable. A retransmit operation is initiated when FL/RT is pulsed low. This sets the internal read pointer to the 

firct lomtinn unci HnPQ not pffprt thp writo rvVintar R anri W mnct Hp at a hinh lori'ip IpvpI rinrinn the* lruA/-le\/Al PI /RT 

retransmit pulse. Retransmit should be used only when less than 256/512/1024 writes are performed between resets; 
otherwise, an attempt to retransmit can cause the loss of unread data. The retransmit function can affect XO/HF 
depending on the relative locations of the read and write pointers. 


GND 




Ground 


Q0-Q8 


0 


Data outputs. Q0-Q8 are in the high-impedance state when R is high or the FIFO is empty. 


R 


I 


Read-enable input. A read cycle begins on the falling edge of R if EF is high. This activates Q0— Q8 and shifts the next 
data value to this bus. The data outputs return to the high-impedance state as R goes high. As the last stored word is 
read by the falling edge of R, EF transitions low but Q0-Q8 remain active until R returns high. When the FIFO is empty, 
the internal read pointer is unchanged by a pulse on R. 


RS 


I 


Reset input. A reset is performed by taking RS low. This initializes the internal read and write pointers to the first location 
and sets EF low, FF high, and HF high. Both R and W must be held high for a reset during the window shown in Figure 7. 
A reset is required after power up before a write operation can take place. 


vcc 




Supply voltage 


W 


I 


Write-enable input. A write cycle begins on the falling edge of W if FF is high. The value on D0-D8 is stored in memory 
as W returns high. When the FIFO is full, FF is low, inhibiting W from performing any operation on the device. 


XI 


I 


Expansion-in input. XI performs two functions. XI is tied to ground to indicate that the device is not used in depth 
expansion. When the device is used in depth expansion, XI is connected to the expansion-out (XO) output of the previous 
device in the depth-expansion chain. 


XO/HF 


0 


Expansion-out/half-full-flag output. XO/HF performs two functions. When the device is not used in depth expansion (i.e., 
when XI is tied to ground), XO/HF indicates when half the memory locations are filled. After half of the memory is filled, 
the falling edge on W for the next write operation drives XO/HF low. XO/HF remains low until a rising edge of R reduces 
the number of words stored to exactly half of the total memory. 

When the device is used in depth expansion, XO/HF is connected to XI of the next device in the daisy chain. XO/HF drives 
the daisy chain by sending a pulse to the next device when the previous device reaches the last memory location. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc (see Note 1 ) -0.5 V to 7 V 

Input voltage range (any input), V| -0.5 V to 7 V 

Continuous output current, Iq . • • 50 mA 

Voltage applied to a disabled 3-state output 5.5 V 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -55°C to 1 25°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to GND. 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vqc Supply voltage 


4.5 5 5.5 


V 


V|h High-level input voltage 


XI 


2.6 


V 


Other inputs 


2 


V||_ Low-level input voltage 


0.8 


V 


Iqh High-level output current 


-2 


mA 


lOL Low-level output current 


8 


mA 


Ta Operating free-air temperature 


0 70 


°C 


electrical characteristics over recommended operating free-air temperature range, Vqq = 5-5 v 
(unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


VOH 


VCC = 4.5V, l 0 H = -2mA 


2.4 


V 


vol 


Vcc = 4.5V, loL = 8mA 


0.4 


V 


'OZH 


V 0 = Vcc, R^Vih 


±10 


HA 


'OZL 


Vo = 0.4V, R>V| H 


±10 


MA 


l| 


V| = 0to5.5V 


-1 1 


HA 


'CC1* 


t a = 15 and 25 ns 


125^ 


mA 


t a = 35 and 50 ns 


50 80 


ICC2* 


t a = 15 and 25 ns 


R.W.RS, and FL/RT at V|h 


15 


mA 


t a = 35 and 50 ns 


5 8 


'CCS* 


t a = 15 and 25 ns 


V| = V C C-0.2V 


0.5 


mA 


t a = 35 and 50 ns 


0.5 




V| = 0, T A = 25°C, f = 1 MHz 


8 


PF 


c 0 § 


V 0 = 0, T A = 25°C, f = 1 MHz 


8 


pF 



* 'CC1 = supply current; IQC2 ■ standby current; Icc3 » power-down current. \qq measurements are made with outputs open (only capacitive 
loading). 

§This parameter is sampled and not 100% tested. 
1f Tested at f c | 0C k = 20 MHz 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





FIGURE 


ACT7200L-15 
ACT7201LA-15 
ACT7202LA-15 


'ACT7200L-25 
'ACT7201LA-25 
ACT7202LA-25 


/A/**T"70A4I A "Jet 

ACT7ZQ1 L A-30 1 

ACT7202LA-35t 


ACT7200L-50 
'ACT7201LA-50 
'ACT7202LA-50 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency, R or W 




40 


28.5 


22.2 


15 


MHz 


t C (R) Cycle time, read 


1(a) 


25 


35 


45 


65 


ns 


tc(W) Cycle time, write 


1(b) 


25 


35 


45 


65 


ns 


tc(RS) Cycle time, reset 


7 


25 


35 


45 


65 


ns 


*c(RT) Cycle time, retransmit 


4 


25 


35 


45 


65 


ns 


tw(RL) Pulse duration, R low 


1(a) 


15 


25 


35 


50 


ns 


tw(WL) Pulse duration, W low 


1(b) 


15 


25 


35 


50 


ns 


t w (RH) Pulse duration, R high 


1(a) 


10 


10 


10 


15 


ns 


t w (WH) Pulse duration, W high 


1(b) 


10 


10 


10 


15 


ns 


t W (Rj) Pulse duration, FL/RT low 


4 


15 


25 


35 


50 


ns 


^w(RS) Pulse duration, RS low 


7 


15 


25 


35 


50 


ns 


t W (xiL) Pulse duration, XI low 


10 


15 


25 


35 


50 


ns 


t W (xiH) Pulse duration, XI high 


10 


10 


10 


10 


10 


ns 


*su(D) Setup time, data before W? 


1(b), 6 


11 


15 


18 


30 


ns 


Setup time, R and W high 
tsu(RT) before FDRTT* 


4 


15 


25 


35 


50 


ns 


Setup time, R and W high 
tsu(RS) before RStt 


7 


15 


25 


35 


50 


ns 


Setup time, XI low 
tsu(XI-R) before Ri 


10 


10 


10 


10 


15 


ns 


Setup time, XI low 
tsu(XI-W) before Wi 


10 


10 


10 


10 


15 


ns 


th(D) Hold time, data after WT 


1(b), 6 


0 


0 


0 


5 


ns 


th(E-R) Hold time, R low after EFT 


5, 11 


15 


25 


35 


50 


ns 


thCF-W) Hold time, W low after FFt 


6,12 


15 


25 


35 


50 


ns 


Hold time, R and W high 
! h(RT) after FL/RTT 


4 


10 


10 


10 


15 


ns 


, Hold time, R and W high 
tn ( RS ) after RST 


7 


10 


10 


10 


15 


ns 



t Released in RJ package only 

* These values are characterized but not currently tested. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Figure 13) 



PARAMETER 


FIGURE 


'ACT7200L-15 
ACT7201LA-15 
'ACT7202LA-15 


ACT7200L-25 
'ACT7201LA-25 
ACT7202LA-25 


'ACT7201LA-35t 
ACT7202LA-35t 


'ACT7200L-50 
ACT7201LA-50 
ACT7202LA-50 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


. Access time, Ri or EFT to 
a data out valid 


1(a), 3, 
5 


15 


25 


35 


50 


ns 


Valid time, data out valid 
V(RH) after R T 


Ka) 


5 


5 


5 


5 


ns 


. Enable time, Rl to Q 
en(R-QX) outputs at low impedance* 


1(a) 


5 


5 


10 


10 


ns 


Enable time, WT to Q 
t en(W-QX) outputs at low 
impedance^ 


5 


5 


5 


5 


15 


ns 


Disable time, RT to Q 
t dis(R) outputs at high 
impedance* 


1(a) 


15 


18 


20 


30 


ns 


. Pulse duration, FF high in 
w(FH) automatic write mode 


6 


15 


25 


30 


45 


ns 


, Pulse duration, EF high in 
W (EH) automatic read mode 


5 


15 


25 


30 


45 


ns 


Propagation delay time, 
tpd(W-F) WitoFFlow 


2 


15 


25 


30 


45 


ns 


Propagation delay time, 
tpd(R-F) RttoFFhigh 


2, 6,12 


15 


25 


30 


45 


ns 


Propagation delay time, 
tpd(RS-F) RSitoFFhigh 


7 


25 


35 


45 


65 


ns 


Propagation delay time, 
tpd(RS-HF) rs4, to XO/HF high 


7 


25 


35 


45 


65 


ns 


Propagation delay time, 
tpd(W-E) WTtoEFhigh 


3, 5, 11 


15 


25 


30 


45 


ns 


Propagation delay time, 
tpd(R-E) RltoEFlow 


3 


15 


25 


30 


45 


ns 


Propagation delay time, 
tpd(RS-E) RSitoEFlow 


7 


25 


35 


45 


65 


ns 


Propagation delay time, 
tpd(W-HF) wi to XO/HF low 


8 


25 


35 


45 


65 


ns 


Propagation delay time, 
tpd(R-HF) to XO/HF high 


8 


25 


35 


45 


65 


ns 


Propagation delay time, 
tpdfR-XOL) R ^ to XO/HF low 


9 


15 


25 


35 


50 


ns 


Propagation delay time, 
tpd(W-XOL) m to xo/Rf low 


9 


15 


25 


35 


50 


ns 


Propagation delay time, 
tpd(R-XOH) Rt to XO/HF high 


9 


15 


25 


35 


50 


ns 


Propagation delay time, 
tpd(W-XOH) WT to XO/HF high 


9 


15 


25 


35 


50 


ns 


Propagation delay time, 
tpd(RT-FL) pL/Rf i to HF, EF, FF valid 


4 


25 


35 


45 


65 


ns 



t Released in RJ package only 
t These values are characterized but not currently tested. 
§ Only applies when data is automatically read (see Figure 5) 
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PARAMETER MEASUREMENT INFORMATION 

L t c (R) ►j^ t w (RL) 



f — ta — *! 



! i 



ten(R-QX) — 1« ►! 



Q0-Q8 



W 



D0-D8 



W 



FF 



"►j- tw(RH) 
|« t a - 



r*— mrh) — ►] 



Valid 




N tdis(R) ►] 



Valid 



(a) READ 



■ t C (W) ■ 



\4 t w (WL) ►k- t w (WH) — ►! 

I I 

\ % ^ 



'i 
i 

(4- t su (D) th(D) 



Valid 



3 C 



Valid 



> 



(b) WRITE 

Figure 1. Asynchronous Waveforms 



Last Write 



j Ignored 
| Write 



*j— tpd(W-F) | 



First Read 



tpd(R-F) — t* 



/ 



Additional Reads 



Figure 2. Full-Flag Waveforms 
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PARAMETER MEASUREMENT INFORMATION 



w 



EF 



D0-D8 



Last Read 



I 

| Ignored 
I Read 



KJ 



\ 



Valid 



First Write 



Additional Writes 



-N- tpd(W-E) 



Figure 3. Empty-Flag Waveforms 



FL/RT 



XO/HF, EF, FF 




NOTE A: The EF, FF, and XO/HF status flags are valid after completion of the retransmit cycle. 

Figure 4. Retransmit Waveforms 



Valid Flag 
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W 



EF 



Q0-Q8 



PARAMETER MEASUREMENT INFORMATION 

\ i 



tpd(W-E) 
*en(W-QX) — 



th(E-R) 



k- *w(EH) -*| 




Figure 5. Automatic-Read Waveforms 



w 



FF 



D0-D8 . 



tpd(R-F) - 



th(F-W) 



J« — t w(FH) — 1\ 



Valid 



th(D) 



- *su(D) 

Figure 6. Automatic- Write Waveforms 
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RS 



W 



XO/HF, FF ^ 



I 



PARAMETER MEASUREMENT INFORMATION 

I 



t C (RS) ■ ^ 



k MRS) to | 



i 



i i 



* v//////////////////////////# x | | 



tsu(RS) -f* ►h *h(RS) 



tpd(RS-E) N 



tpd(RS-HF) *| 

N tpd(RS-F) *| 



Figure 7. Master-Reset Waveforms 



Half Full or Less I More Than Half Full ' Half Full or Less 



Is f 



W 

tpd(R-HF) *| 



I I 

H W *pd(W-HF) 



\ f 



XO/HF j 

Figure 8. Half-Full Flag Waveforms 
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PARAMETER MEASUREMENT INFORMATION 



Write to Last 
Physical Location 



tpd(W-XOH) — 1« M 



>j- *pd(W-XOL) 



Read From Last 
Physical Location 



|* tpd(R-XOL) |« >r- tpd(R-XOH) 



XO/HF 



r — \ 



Figure 9. Expansion-Out Waveforms 



tw(XIL) ►j^ *w(XIH) ►! 



-1 J — X 



/ 



C N tsufXI-W) 



w 



Write to First 
Physical Location 



/ 



(4- *r— t su (xi-R) 



I 



Read From First 
Physical Location 



Figure 10. Expansion-ln Waveforms 



w 



EF 



\ 



tpd(W-E) ►! 



jf — 

i . 

K- th(E-R) *i 

_J 



Figure 11. Minimum Timing for an Empty-Flag Coincident-Read Pulse 
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PARAMETER MEASUREMENT INFORMATION 

- \ f 

tpd(R-F) — H *j 

- f — 

i , 

'h(F-W) - \4 »j 

Figure 12. Minimum Timing for a Full-Flag Coincident-Write Pulse 
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PARAMETER MEASUREMENT INFORMATION 

5V 



From Output 
Under Test 



680 ft 



1100 Q 



30 pF 

(see Note A) 



LOAD CIRCUIT 



Timing 
Input 



Data, 
Enable 
Input 




VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



High 




Low-Level 
Input 



VOLTAGE WAVEFORMS 
PULSE DURATIONS 



Output 
Enable 



Low- Level 
Output 



High-Level 
Output 



-tPLZ 



r 

K. 



j«— tpHZ 



3V 

GND 
|«-tp ZL 

\ «3V 



\!1 



tPZH 



vol 
voh 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTE A: Includes probe and jig capacitance 



^/iTv N ^1.5V 



Input /1.5 V 

tpdH« — H 



3V 
GND 



In-Phase \i 
Output f 15 v 



k — ^-t pd 

- v 0H 

1.5 V 

vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



Figure 13. Load Circuit and Voltage Waveforms 
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APPLICATION INFORMATION 

Combining two or more devices to create one FIFO with a greater number of memory bits is accomplished in two 
different ways. Width expansion increases the number of bits in each word by connecting FIFOs with the same depth 
in parallel. Depth expansion uses the built-in expansion logic to daisy-chain two or more devices for applications 
requiring more than 256, 51 2, or 1 024 words of storage. Width expansion and depth expansion can be used together. 

width expansion 

Word-width expansion is achieved by connecting the corresponding input control to multiple devices with the 
same depth. Status flags (EF, FF, and HF) can be monitored from any one device. Figure 14 shows two FIFOs 
in a width-expansion configuration. Both devices have their expansion-in (XI) inputs_tied to ground. This 
disables the depth-expansion function of the device, allowi ng the f irst-load/retransmit (FL/RT) input to function 
as a retransmit (RT) input and the expansion-out/half-full (XO/HF) output to function as a half-full (HF) flag. 

depth expansion 

The SN74ACT7200L/7201 LA/7202LA is easily expanded in depth. Figure 1 5 shows the connections used to 
depth expand three SN74ACT7200L/7201 LA/7202LA devices. Any depth can be attained by adding additional 
devices to the chain. The SN74ACT7200L/7201 LA/7202LA operates in depth expansion under the following 
conditions: 

• The first device in the chain is designated by tying FL to ground. 

• All other devices must have their FL inputs at a high logic level. 

• XO of each device must be tied to XI of the next device. 

• External logic is needed to generate a composite FF and EF. All FF outputs must be ORed together and 
all EF outputs must be ORed together. 

• RT and HF functions are not available in the depth-expanded configuration. 

combined depth and width expansion 

Both expansion techniques can be used together to increase depth and width. This is done by first creating 
depth-expanded units and then connecting them in a width-expanded configuration (see Figure 16). 
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APPLICATION INFORMATION 

SN74ACT7200L/7201 LA/7202LA 

Q0-Q8 




SN74ACT7200L/7201 LA/7202LA 



Q9-Q18 



18 



• Q0-Q18 

EF 
FF 
HF 



EF 
FF 
HF 



Figure 14. Word-Width Expansion: 256/512/1024 Words x 18 Bits 
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D0-D8 } < 

W 

R 

RS 



vcc 



APPLICATION INFORMATION 

SN74ACT7200L/7201 LA/7202LA 
9 



D0-D8 Q0-Q8 
W 

R XO/HF 

RS EF 

FURT FF 
XI 



SN74ACT7200L/7201 LA/7202LA 

. 9 



mLm 



D0-D8 Q0-Q8 
W 

R XO/HF 

RS EF 

FURT FF 
XI 



SN74ACT7200L/7201 LA/7202LA 

, 9 




Q0-Q8 



EF 



FF 



Figure 15. Word-Depth Expansion: 768/1536/3072 Words x 9 Bits 
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APPLICATION INFORMATION 



Q0-Q17 Q0-Q26 



W, R, RS 





K 


' Q0-Q8 






' Q9-Q17 


'is 


f '27 
'Q18-Q26 




ACT7200L, 
ACT7201LA,or 
ACT7202LA 




ACT7200L, 
'ACT7201LA, or 
ACT7202LA 






ACT7200L, 
ACT7201LA, or 
'ACT7202LA 






Depth - 
Expansion 
Block 





Depth - 
Expansion 
Block 






Depth - 
Expansion 
Block 




— 3*. 




' D0-D8 

18, 


i 


' D9-D17 






' D18-D26 



Figure 16. Word-Depth Plus Word-Width Expansion 
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Independent Asynchronous Inputs and 
Outputs 

Low-Power Advanced CMOS Technology 
Bidirectional 

1024 Words by 9 Bits Each 

Programmable Almost-Full/Almost-Empty 
Flag 

Empty, Full, and Half-Full Flags 
Access Times of 25 ns With a 50-pF Load 
Data Rates From 0 to 50 MHz 
Fall-Through Times of 22 ns Max 
High Output Drive for Direct Bus Interface 
Available in 44-Pin PLCC (FN), 
Space-Saving 64-Pin Thin Quad Flat (PM), 
and Reduced-Height 64-Pin Thin Quad Flat 
(PAG) Packages 



FN PACKAGE 
(TOP VIEW) 

Q < < cq m Q 
OOcocoOOcoco 



A3 
A4 

V C C 
A5 
A6 
A7 
A8 
GND 
AF/AEA 
HFA 
LDCKA 



]7 
]8 
]9 
]10 
]11 
]12 
]13 
]14 
]15 
]16 

3" 



6 5 4 3 2 



L-JLJLJLJLJLJ 

1 44 43 42 41 40 



18 19 20 21 22 23 24 25 26 27 28 
r-ii-ni-inr-»mi-imr-irir-» 



u r 
39 L 

38 C 

37[ 

36 

35 [ 

34 

33 C 

32 

31 [ 

30 [ 

.29 



< CD 
— | * 



o 

£2 



PAG OR PM PACKAGE 
(TOP VIEW) 

Q Q << CD CD QO 
t-oZZCOCD<<ZZot- cm 
<<(5 (DOW WO (DOCQID CD 



LU 



CDlUL 



ii 



CD CD 

2 9 





' 64 63 62 61 60 


59 58 57 56 55 54 53 52 51 50 49 




VccC 


1 # 


48 


] NC 


A3 [ 


2 


47 


]v cc 


A4 [ 


3 


46 


] B3 


VccC 


4 


45 


] B4 


GND [ 


5 


44 


] GND 


GND [ 


6 


43 


] GND 


A5 [ 




42 


]v cc 


A6 [ 


8 


41 


] B5 


VccC 


9 


40 


] B6 


VccC 


10 


39 


] v C c 


A7[ 


11 


38 


]B7 


A8 C 


12 


37 


] B8 


GND C 


13 


36 


] GND 


GND C 


14 


35 


] GND 


AF/AEA C 


15 


34 


] AF/AEB 


HFA C 


16 


33 


] HFB 




17 18 19 20 21 


22 23 24 25 26 27 28 29 30 31 32 





S3 



< CD 
-J * 



CD IU. 
LU 



< o 
o: 



CD LL 
I— CD 
CO Q 



CD CD O 
H * Z 



B2 
B3 
B4 

V C C 

B5 

B6 

B7 

B8 

GND 

AF/AEB 

HFB 



NC - No internal connection 
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description 

A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. The SN74ACT2235 is arranged as two 1024 by 9-bit FIFOs for high speed and fast access times. 
It processes data at rates from 0 to 50 MHz with access times of 25 ns in a bit-parallel format. 

The SN74ACT2235 consists of bus-transceiver circuits, two 1 024 x 9 FIFOs, and control circuitry arranged for 
multiplexed transmission of data directly from the data bus or from the internal FIFO memories. Enable (GAB 
and GBA) inputs are provided to control the transceiver functions. The select-control (SAB and SBA) inputs are 
provided to select whether real-time or stored data is transferred. The circuitry used for select control eliminates 
the typical decoding glitch that occurs in a multiplexer during the transition between stored and real-time data. 
Figure 1 shows the eight fundamental bus-management functions that can be performed with the 
SN74ACT2235. 

The SN74ACT2235 is characterized for operation from 0°C to 70°C. 

For more information on this device family, see the application report 1K x 9 x 2 Asynchronous FIFOs 
SN74ACT2235 and SN74ACT2236 in the 1996 High-Performance FIFO Memories Designer's Handbook, 
literature number SCAA012A. 

logic symbolt 



SAB 
SBA 
GAB 
GBA 
RSTA 
DAF 
LDCKA 
UNCKA 
FULLA 

EMPTYA 
AF/AEA 
HFA 



AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 



44 



43 



22 



21 



17 



26 



18 



25 



15 



16 



FIFO 
1024x9x2 
MODE SN74ACT2235 



0 
EN1 
EN2 

Reset A 
DEFAFLAG 
t> LDCKA 



-> UNCKA 
^ FULLA 



RESET B 
DEF B FLAG d - 
LDCKB < - 
UNCKB < - 
FULL B 



EMPTYA EMPTYB 
ALMOST-FULL/ ALMOST-FULL/ 
ALMOST-EMPTY A ALMOST-EMPTY A 
HALF-FULL A HALF-FULL B 



23 



24 



28 



19 



27 



20 



30 



29 



10 



11 



12 



13 



41 



40 



39 



38 



37 



35 



34 



33 



32 



RSTB 

DBF 

LDCKB 

UNCKB 

FULLB 

EMPTYB 

AF/AEB 

HFB 



B0 
B1 
B2 
B3 
B4 
B5 
B6 
B7 
B8 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the FN package. 
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logic diagram (positive logic) 

-> 



SAB 
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Terminal Functions 



TERMINAL 
NAME NO. 


I/O 


DESCRIPTION 


AF/AEA, 

AF/AEB 15,30 


0 


Almost full/almost empty flags. The almost-full/almost-empty A flag (AF/AEA) is defined by the 
almost-full/almost-empty offset value for FIFO A (X). AF/AEA is high when FIFO A contains X or less 
words or 1024— X words. AF/AEA is low when FIFO A contains between X + 1 or 1023 — X words. 
The operation of the almost-full/almost-empty B flag (AF/AEB) is the same as AF/AEA for FIFO B. 


AO-AR A— ft 10—1^ 


I/O 


/A (Jala inputs allU (JUipUlo 




I/O 


B data inputs and outputs 


DAF, DBF 21,24 


I 


Define-flag inputs. The high-to-low transition of DAF stores the binary value on A0-A8 as the 
almost-full/almost-empty offset value for FIFO A (X). The high-to-low transition of DBF stores the 
hinarv valup nf RO— Rft thp alrnnQt-full/almn^t-pmntv nftept valup for FIFO R (Y) 


EMPTYA, 

EMPTYB ' 


O 


Empty flags. EMPTYA and EMPTYB are low when their corresponding memories are empty and high 
when they are not empty. 


FULLA, 

FULLB ' 


0 


Full flags. FULLA and FULLB are low when their corresponding memories are full and high when they 

arck not full 
cii w i iui mil* 


HFA, HFB 16,29 


0 


Half-full flags. HFA and HFB are high when their corresponding memories contain 51 2 or more words 
and low when they contain 511 or less words. 


LDCKA, 

LDCKB 17,28 


1 


Load clocks. Data on A0-A8 is written into FIFO A on a low-to-high transition of LDCKA. Data on 
B0-B8 is written into FIFO B on a low-to-high transition of LDCKB. When the FIFOs are full, LDCKA 
and LDCKB have no effect on the data residing in memory. 


GAB, GBA 2, 43 




Output enables. GAB, GBA control the transceiver functions. When GBA is low, AO— A8 are in the 
high-impedance state. When GAB is low, B0-B8 are in the high-impedance state. 


RSTA, RSTB 22, 23 




Reset. A reset is accomplished in each direction by taking RSTA and RSTB low. This sets EMPTYA, 
EMPTYB, FULLA, FULLB, and AF/AEB high. Both FIFOs must be reset upon power up. 


SAB.SBA 1,44 




Select-control inputs. SAB and SBA select whether real-time or stored data is transferred. A low level 
selects real-time data and a high level selects stored data. Eight fundamental bus-management 
functions can be performed as shown in Figure 1 . 


UNCKA, 

UNCKB iy, ^ b 




Unload clocks. Data in FIFO A is read to B0-B8 on a low-to-high transition of UNCKB. Data in FIFO 
B is read to A0-A8 on a low-to-high transition of UNCKB. When the FIFOs are empty, UNCKA and 
UNCKB have no effect on data residing in memory. 



programming procedure for AF/AEA 

The almost-full/almost-empty flags (AF/AEA, AF/AEB) are programmed during each reset cycle. The 
almost-full/almost-empty offset value FIFO A (X) and for FIFO B (Y) are either a user-defined value or the default 
values of X = 256 and Y = 256. Below are instructions to program AF/AEA using both methods. AF/AEB is 
programmed in the same manner for FIFO B. 

user-defined X 

T ake DA F from high to low. Thi s stores AO thru A8 as X. 

If RS TA is not already lo w, take RSTA high. 

With DAF held low, take RSTA high. This defines AF/AEA using X. 

To retain the current offset for the next reset, keep DAF low. 

default X 

To redefine AF/AE using the default value of X = 256, hold DAF high during the reset cycle. 
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timing diagram for FIFO A* 

j 



RSTA 



U 



DAF 



LDCKA 



A0-A8 



EMPTYA 



FULLA 



HFA 



AF/AEA 




J... I M... ' „f.' ' M ' _(.' I ... 





Wl 
257 



WOI 
512 



I I 

UNCKA | | 
1 h 



I I 

-Ul 



QO - Q8 Invalid 



t 



Wordk 

768 | 



> Don't Care < 



Wordl 



Set Flag to Empty + 2567 
Full -256 (default) 



Empty + 256 



YWord^WdY Word 'WdV Word'' Word\ ' Word' 1 Word V 



J L 



Word* 
1024 



I 

Full -256 



I I I 

Full - 256 Half Full Empty + 256 



I 



1 



Invalid 



Set Flag to 
Empty + X/Full-X 



Half Full 



Full 



Empty Load X into 
Flag Register 
(0 < X < 511) 



t Operation of Fl FO B is identical to that of FIFO A. 

* Last valid data stays on outputs when FIFO goes empty due to a read. 



> 
CO 
-< 



JJ 

o 
o 

cz 
c/> 

CD 
O 
JJ 

rn 
o 



8S 

> mmm 
^> 

&r- 

?3 

2 30 

so 

m i 

^T* 

CD -— 

m 



J3</> 

< T 1 



w-<IO01 



SN74ACT2235 
1024 x 9 x 2 

ASYNCHRONOUS BIDIRECTIONAL FIRST-IN, FIRST-OUT MEMORY 

SCAS148C- DECEMBER 1990- REVISED SEPTEMBER 1995 




Figure 1. Bus-Management Functions 



SELECT-MODE CONTROL TABLE 
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CONTROL 


OPERATION 


SAB SBA 


A BUS 


BBUS 


L L 
L H 
H L 
H H 


Real-time B to A bus 
FIFO B to A bus 

Real-time B to A bus 
FIFO B to A bus 


Real-time A to B bus 
Real-time A to B bus 
FIFO A to B bus 
FIFO A to B bus 



OUTPUT-ENABLE CONTROL TABLE 



CONTROL 


OPERATION 


GAB GBA 


A BUS 


BBUS 


H H 
L H 
H L 
L L 


A bus enabled 
A bus enabled 
Isolation/input to A bus 
Isolation/input to A bus 


B bus enabled 
Isolation/input to B bus 

B bus enabled 
Isolation/input to B bus 



Figure 1. Bus-Management Functions (Continued) 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0.5 V to 7 V 

Input voltage: Control inputs 7 V 

I/O ports .. 5.5 V 

Voltage applied to a disabled 3-slate output 5.5 V 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg -65°C to 150°C 

Maximum junction temperature, Tj 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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recommended operating conditions 





ACT2235-20 


ACT2235-30 


ACT2235-40 


ACT2235-60 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


V CC Supply voltage 


4.5 5.5 


4.5 5.5 


4.5 5.5 


4.5 5.5 


V 


Vm High-level input voltage 


2 


2 


2 


2 


V 


V||_ Low-level input voltage 


0.8 


0.8 


0.8 


0.8 


V 


lOH High-level output current 


A or B ports 


-8 


-8 


-8 


-8 


mA 


Status flags 


-8 


-8 


-8 


-8 


lOL Low-level output current 


A or B ports 


16 


16 


16 


16 


mA 


Status flags 


8 


8 


8 


8 


fclock clock frequency 


LDCKA or LDCKB 


50 


33 


25 


16.7 


MHz 


UNCKA or UNCKB 


50 


33 


25 


16.7 


t w Pulse duration 


RSTA or RSTB low 


20 


20 


25 


25 


ns 


LDCKA or LDCKB low 


8 


10 


14 


20 


LDCKA or LDCKB high 


8 


10 


14 


20 


UNCKA or UNCKB low 


8 


10 


14 


20 


UNCKA or UNCKB high 


8 


10 


14 


20 


DAF or DBF high 


10 


10 


10 


10 


t su Setup time 


Data before LDCKA or 
LDCKBT 


A 


/ 

H 


c 
o 


o 


ns 


Define AF/AE: D0-D8 
before DAF or DBFi 


5 


5 


5 


5 


Define AF/AE: DAF or 
DBFi before RSTA or 
RSTBT 


7 


7 


7 


7 


Define AF/AE (default): 
DAF or DBF high before 
RSTA or RSTBT 


5 


5 


5 


5 


RSTA or RSTB inactive 
(high) before LDCKA or 
LDCKBT 


5 


5 


5 


5 


t n Hold time 


Data after LDCKA or 
LDCKBT 


l 


i 


o 

c. 


o 

d. 


ns 


Define AF/AE: D0-D8 
after DAF or DBFi 


0 


0 


0 


0 


Define AF/AE: DAF or 
DBF low after RSTA or 
RSTBT 


0 


0 


0 


0 


Define AF/AE (default): 
DAF or DBF high after 
RSTA or RSTBT 


0 


0 


0 


0 


Ta Operating free-air temperature 


0 70 


0 70 


0 70 


0 70 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt 


MAX 


UNIT 


VOH 


V C C = 4.5V, 


lOH = " 8 mA 


2.4 


V 


vol 


Flags 


V C C = 4.5V, 


lOL = 8 mA 


0.5 


V 


I/O ports 


V C C = 4.5V, 


IOL=16mA 


0.5 


"i 


V C C = 5.5V, 


V| = V C C o r 0 


±5 


ma 


ioz 


V C C = 5-5 V, 


v O = V CC or 0 


±5 




ice* 


V| = Vcc - 0.2 V or 0 


10 


400 


MA 


AlGC§ 


V C C = 5.5V, 


One input at 3.4 V, Other inputs at Vcc or GND 


1 


mA 


Cj 


V| = 0, 


f=1MHz 


4 


PF 


Co 


v 0 = o, 


f=1 MHz 


8 


pF 



t All typical values are at Vcc = 5 V, T A = 25°C. 
$ Ice tested with outputs open. 

§ This is the supply current when each input is at one of the specified TTL voltage levels rather than 0 V or Vcc- 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figures 4 and 5) 



PARAMETER 


FROM 


TO 


'ACT2235-20 


ACT2235-30 


ACT2235-40 


'ACT2235-60 


UNIT 


(INPUT) 


(OUTPUT) 


MIN 


TYPt 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




LDCK 




50 


33 


25 


16.7 


MHz 


fmax 


UNCK 




50 


33 


25 


16.7 


tpd 


LDCKt, LDCKBT 


B or A 


8 22 


8 


22 


8 


24 


8 


26 


ns 


tpd 


UNCKAT, 
UNCKBT 


B or A 


12 


17 


25 


12 


25 


12 


35 


12 


45 


ns 


tPLH 


LDCKT, LDCKBT 


EMPTYA, 
EMPTYB 


4 




15 


4 


15 


4 


17 


4 


19 


ns 


tPHL 


UNCKAT, 
UNCKBT 


EMPTYA, 
EMPTYB 


2 




17 


2 


17 


2 


19 


2 


21 


ns 


tPHL 


RSTAl, RSTBi 


EMPTYA, 
EMPTYB 


2 




18 


2 


18 


2 


20 


2 


22 


ns 


tPHL 


LDCKT, LDCKBT 


FULLA, FULLB 


4 




15 


4 


15 


4 


17 


4 


19 


ns 


tPLH 


UNCKAT, 
UNCKBT 


FULLA, FULLB 


4 




15 


4 


15 


4 


17 


4 


19 


ns 


tPLH 


RSTAl, RSTBi 


FULLA, FULLB 


2 




15 


2 


15 


2 


17 


2 


19 


ns 


tPLH 


RSTAl, RSTBi 


AF/AEA, AF/AEB 


2 




15 


2 


15 


2 


17 


2 


19 


ns 


tPLH 


LDCKT, LDCKBT 


HFA, HFB 


2 




15 


2 


15 


2 


17 


2 19 


ns 


tPHL 


UNCKAT, 
UNCKBT 


HFA, HFB 


4 




18 


4 


18 


4 


20 


4 


22 


ns 


tPHL 


RSTAl, RSTBI 


HFA, HFB 


1 




15 


1 


15 


1 


17 


1 


19 


ns 


tpd 


SAB or SBAU 


B or A 


1 




11 


1 


11 


1 


12 


1 


14 


ns 


tpd 


A or B 


BorA 


1 




11 


1 


11 


1 


12 


1 


14 


ns 


tpd 


LDCKT, LDCKBT 


AF/AEA, AF/AEB 


2 




18 


2 


18 


2 


20 


2 


22 


ns 


tpd 


UNCKAT, 
UNCKBT 


AF/AEA, AF/AEB 


2 




18 


2 


18 


2 


20 


2 


22 


ns 


ten 


GBA or GAB 


A or B 


2 




11 


2 


11 


2 


13 


2 


15 


ns 


tdis 


GBA or GAB 


A or B 


1 




9 


1 


9 


1 


11 


1 


13 


ns 



t All typical values are at Vcc = 5 V, Ta = 25°C. 
^ These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 
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operating characteristics, Vqq = 5 V, T/v = 25°C 



PARAMETER 


TEST CONDITIONS 


TYP 


UNIT 


Cpd 


Power dissipation capacitance per 1 K bits 


Outputs enabled 


Cl = 50 pF, f = 5 MHz 


71 


PF 


Outputs disabled 


57 



TYPiCAL CHARACTERISTICS 



PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 



typ + 8 



typ + 6 



> typ + 4 



I typ + 2 



2 

CL 

I 



typ 



typ -2 



v C c = 


= 5V 










~T A = 2 
R L = ! 


>5°C 
500 Cl 











































































































50 100 150 200 250 
C|_ - Load Capacitance - pF 

Figure 2 



typ + 2 



§ typ + 1 

s 

o 

£ 

5 typ 



.2 typ - 1 



I 

CL 
I 

"D 

a 
O 



typ -2 



typ -3 



POWER DISSIPATION CAPACITANCE 
vs 

SUPPLY VOLTAGE 



vc 

fi = 

ta 


C = 5 
5Mh 

= 25° 


V 

Iz 
C 

































































































300 4.5 4.6 4.7 4.8 4.9 5 5.1 5.2 5.3 5.4 5.5 

Vcc - Supply Voltage - V 

Figure 3 



calculating power dissipation 

The maximum power dissipation (Pj) can be calculated by: 

PT = V C C x [ICC + (N x AI CC * dc)] + 2(C pd x V CC 2 x fj) + E(C L x V CC 2 x f 0 ) 
where: 

Ice = power-down Ice maximum 

N = number of inputs driven by a TTL device 

Alec = increase in supply current 

dc = duty cycle of inputs at a TTL high level of 3.4 V 

Cpd = power dissipation capacitance 

Cl = output capacitive load 

fj = data input frequency 

f 0 = data output frequency 
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From Output _ 
Under Test 



RL = 500 Q 



SN74ACT2235 
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PARAMETER MEASUREMENT INFORMATION 

Input 

Cl = 50 pF 



W 



i | 

H ^— t pd 



3V 
GND 



Output 



I 



3V 
0V 



LOAD CIRCUIT 



TOTEM-POLE OUTPUTS 



R L = R1 = R2 / S1 



Figure 4. Standard CMOS Outputs (FULL, AF/AE, EMPTY) 

7V 

1.5 V 



Input 



R1 



tpZL- 



From Output 
Under Test 



Test 

Point 0ut P ut 



R2 



^5V 



tPLZ 



tPHZ 



tpZH- 



Output 



N- ' 1 

jfTsV \ ^ Q.3 yT" 



3V 
0V 
"3.5V 

vol 

VOH 

«ov 



LOAD CIRCUIT 



VOLTAGE WAVEFORMS 



PARAMETER 


R1.R2 


c L t 


S1 


ten 


tpZH 


500 Q 


50 pF 


Open 


tpZL 


Closed 


*dis 


tPHZ 


500 Q 


50 pF 


Open 


tPLZ 


Closed 


tpd 




50 pF 


Open 



t Includes probe and test-fixture capacitance 

Figure 5. 3-State Outputs (A0-A8, B0-B8) 
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• Independent Asynchronous Inputs and 
Outputs 

• Low-Power Advanced CMOS Technology 

• Bidirectional 

• 1 024 Words by 9 Bits Each 

• Programmable Almost-Full/Almost-Empty 
Flag 

• Empty, Full, and Half-Full Flags 



• Access Times of 25 ns With a 50-pF Load 

• Data Rates From 0 to 50 MHz 

• Fall-Through Times of 23 ns Max 

• High Output Drive for Direct Bus Interface 

• 3-State Outputs 

• Available in 44-Pin PLCC (FN) Package 



FN PACKAGE 
(TOP VIEW) 



c\jr-oZ?m<|ujZoT- 

<<<0OC0C/)|OOCQCQ 
L-JLJLJl— ILJLJLJLJLJLJLJ 



A3 ] 
A4 ] 

v C c] 

A5 ] 
A6 ] 
A7] 
A8 ] 
GND ] 
AF/AEA ] 
HFA] 
LDCKA ] 



6 5 4 3 2 1 



7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

18 19 20 21 22 23 24 25 26 27 28 

nnnnnnnnnnn 



44 43 42 41 40 r 
39 L 

38[ 

37[ 

36 [ 

35 [ 

34[ 

33 [ 

32 [ 

31[ 

30[ 



29 C 



OQlLL 
r- CO 
CO Q 
DC 



LU 



CO CO 

d o 
r? Q 



B2 
B3 
B4 

V C C 

B5 

B6 

B7 

B8 

GND 

AF/AEB 

HFB 



description 

A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. The SN74ACT2236 is arranged as two 1024 by 9-bit FIFOs for high speed and fast access times. 
It processes data at rates from 0 to 50 MHz with access times of 25 ns in a bit-parallel format. 

The SN74ACT2236 consists of bus-transceiver circuits, two 1 024 x 9 FIFOs, and control circuitry arranged for 
multiplexed transmission of data directly from the data bus or from the internal FIFO memories. Enable OE and 
DIR inputs are provided to control the transceiver functions. The select-control (SAB and SBA) inputs are 
provided to select whether real-time or stored data is transferred. The circuitry used for select control eliminates 
the typical decoding glitch that occurs in a multiplexer during the transition between stored and real-time data. 
Figure 1 shows the five fundamental bus-management functions that can be performed with the SN74ACT2236. 

The SN74ACT2236 is characterized for operation from 0°C to 70°C. 

For more information on this device family, see the application report 1K x 9 x 2 Asynchronous FIFOs 
SN74ACT2235 and SN74ACT2236 in the 1996 High-Performance FIFO Memories Designer's Handbook, 
literature number SCAA012A. 
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logic symbolt 



SAB 
SBA 
OE 



DIR 
RSTA 
DAF 
LDCKA 
UNCKA 



FILL A 
EMPTYA 
AF/AEA 

HFA 



AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 



44 



43 



22 



21 



17 



26 



18 



25 



15 



16 



10 



12 



13 



:} 



FIFO 
1024x9x2 
SN74ACT2236 



MODE 



0 

3EN1 [BA] 
3EN2 [AB] 

G3 

RESET A 
DEFAFLAG 

> LDCKA 

> UNCKA 
FULLA 
EMPTYA 
ALMOST-FULL/ 



RESET B 
DEF B FLAG 
LDCKB < 
UNCKB < 
FULL B 
EMPTYB 
ALMOST-FULL/ 



ALMOST-EMPTY A ALMOST-EMPTY B 
HALF-FULL A HALF-FULL B 



1V 



2 V 



< ^ A Data V < ^ B Data^ > 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 



23 
24 



28 
19 
27 
20 
30 



29 



41 



40 



39 



38 



37 



35 



34 



33 



32 



RSTB 

DBF 

LDCKB 

UNCKB 

FULLB 

EMPTYB 

AF/AEB 

HFB 

B0 
B1 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
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logic diagram (positive logic) 
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Terminal Functions 



TERMINAL 
NAME NO. 


I/O 


DESCRIPTION 


AF/AEA, 

AF/AEB 15,30 


0 


Almn^t full/almnQt pmntv flnnc Thp alirinQt-fiill/alrnnct-prnrih/ A flan ^AF/AFA^ rtpfinpri hv thp 
AAiiiivjoi iuii/ciii i ivjoi ciii)jiy iia^o. i lie aiiiiuoi iuii/ciiiiiuoi cinpiy #\ u&y \r\\ I r\L-r\ j 10 uciiiicu uy uic 

almost-full/almost-empty offset value for FIFO A (X). AF/AEA is high when FIFO A contains X or less 
words or 1024-X words. AF/AEA is low when FIFO A contains between X + 1 or 1023 - X words. 
The operation of the almost-full/almost-empty B flag (AF/AEB) is the same as AF/AEA for FIFO B. 


A0-A8 4-8,10-13 


I/O 


A data inputs and outputs 


32-35, 

B0_B8 37-41 


I/O 


B data inputs and outputs 


DAF, DBF 21,24 


1 


Define-flag inputs. The high-to-low transition of DAF stores the binary value on A0-A8 as the 
almost-full/almost-empty offset value for FIFO A (X). The high-to-low transition of DBF stores the 
binary value of B0-B8 as the almost-full/almost-empty offset value for FIFO B (Y). 


EMPTYA, 

EMPTYB 20,25 


O 


Empty flags. EMPTYA and EMPTYB are low when their corresponding memories are empty and high 
when they are not empty. 


FULLA, 

FULLB 18,27 


0 


Full flags. FULLA and FULLB are low when their corresponding memories are full and high when they 

arp not full 


HFA, HFB 16,29 


0 


Half-full flags. HFA and HFB are high when their corresponding memories contain 512 or more 

u/Arfjc anrl \c\w whprt thpv contain R11 c\r Ipqq wnrriQ 
wuiuo, ai iu iuv» wiicii nicy i/Uiuciiii ji i ui icoo wvjiuo. 


LDCKA, 

LDCKB 17,28 


1 


Load clocks. Data on A0-A8 is written into FIFO A on a low-to-high transition of LDCKA. Data on 
B0-B8 is written into FIFO B on a low-to-high transition of LDCKB. When the FIFOs are full, LDCKA 

and I DHKR ha\/p nn pffpftf on thp data rp^iriinn in mpmnrv 

Q.I Ivl 1— Lsv/f \LJ 1 IdV w 1 lv \7I Iwl \J\ 1 11 lv viClLCl 1 wOlUII iy III II lv/1 1 1 \Jl J. 


DIR.OE 2,43 


1 


Enable inputs. DIR and OE control the transceiver functions. When OE is high, both A0-A8 and 
B0-B8 are in the high-impedance state and can be used as inputs. With OE low and DIR high, the 
A bus is in the high-impedance state and B bus is active. When both OE and DIR are low, the A bus 
is active and the B bus is in the high-impedance state. 


RSTA, RSTB 22, 23 


1 


Reset. A reset is accomplished in each direction by taking RSTA and RSTB low. This sets EMPTYA, 
EMPTYB, FULLA, FULLB, and AF/AEB high. Both FIFOs must be reset upon power up. 


SAB, SBA 1,44 


1 


Select-control inputs. SAB and SBA select whether real-time or stored data is transferred. A low level 
selects real-time data, and a high level selects stored data. Eight fundamental bus-management 
functions can be performed as shown in Figure 1 . 


UNCKA, 

UNCKB 19,2b 


1 


Unload clocks. Data in FIFO A is read to B0-B8 on a low-to-high transition of UNCKB. Data in FIFO 
B is read to A0-A8 on a low-to-high transition of UNCKB. When the FIFOs are empty, UNCKA and 
UNCKB have no effect on data residing in memory. 



programming procedure for AF/AEA 

The almost-full/almost-empty flags (AF/AEA, AF/AEB) are programmed during each reset cycle. The 
almost-full/almost-empty offset value Fl FO A (X) and for Fl FO B (Y) are either a user-defined value or the default 
values of X = 256 and Y = 256. Below are instructions to program AF/AEA using both methods. AF/AEB is 
programmed in the same manner for FIFO B. 

user-defined X 

T ake DA F from high to low. This stores AO thru A8 as X. 
If RS TA is not already lo w, take RSTA high. 

With DAF held low, take RSTA high. This defines the AF/AEA flag using X. 
To retain the current offset for the next reset, keep DAF low. 

default X 

To redefine the AF/AE flag using the default value of X = 256, hold DAF high during the reset cycle. 
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timing diagram for FIFO A 



RSTA 



DAF 



LDCKA 



A0-A8 



UNCKA 



EMPTYA 



FULLA 



HFA 



AF/AEA 



Don't Care ; 




u 

i i 
i i 



I I 
I I 



I I 



CIO -08 Invalid 



I 



t 




Wordl 



Set Flag to Empty + 256/ 
Full -256 (default) 



Empty + 256 



A A A A A >• 

Don't Care < 



ru-rwv-ru-Ti 

I I I I I 



Vword ; WdY Word ; WdV Word' 1 WordV Word' ' Word ^ f 



Word* 
1024 



Full -256 



I I I 

Full - 256 Half Full Empty + 256 



I I 

t— r 

j I 



1 



Invalid 



Set Flag to 
Empty + X/Full-X 



Half Full 



Full 



Empty Load X into 
Flag Register 
(0 < X < 511) 



| Operation of FIFO B is identical to that of FIFO A. 

* Last valid data stays on outputs when FIFO goes empty due to a read. 
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SAB SBA DIR OE 

X H L L 



Figure 1. Bus-Management Functions 
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SELECT-MODE CONTROL TABLE 



CONTROL 


OPERATION 


SAB SBA 


A BUS 


BBUS 


L L 
L H 
H L 
H H 


Real-time B to A bus 
FIFO B to A bus 

Real-time B to A bus 
FIFO B to A bus 


Real-time A to B bus 
Real-time A to B bus 
FIFO A to B bus 
FIFO A to B bus 



OUTPUT-ENABLE CONTROL TABLE 



CONTROL 


OPERATION 


DIR OE 


A BUS 


BBUS 


X H 


Input 


Input 


L L 


Output 


Input 


H L 


Input 


Output 



Figure 1. Bus-Management Functions (Continued) 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0.5 V to 7 V 

Input voltage: Control Inputs 7 V 

I/O ports ....5.5 V 

Voltage applied to a disabled 3-state output 5.5 V 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg -65°C to 150°C 

Maximum junction temperature, Tj 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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recommended operating conditions 





'ACT2236-20 


'ACT2236-30 


'ACT2236-40 


ACT2236-60 


1 IRJIT 

UN! 1 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


Vcc Supply voltage 


4.5 5.5 


4.5 5.5 


4.5 5.5 


4.5 5.5 


V 


Vm High-level input voltage 


2 


2 


2 


2 


V 


V|[_ Low-level input voltage 


0.8 


0.8 


0.8 


0.8 


V 


. High-level output cur- 
'OH ren , 


A or B ports 


-8 


-8 


-8 


-8 


mA 


Status flags 


-8 


-8 


-8 


-8 


lOL Low-level output current 


A or B ports 


16 


16 


16 


16 


mA 


Status flags 


8 


8 


8 


8 


fclock Clock frequency 


LDCKA or LDCKB 


50 


33 


25 


16.7 


MHz 


UNCKA or UNCKB 


50 


33 


25 


16.7 


t w Pulse duration 


RSTA or RSTB low 


20 


20 


25 


25 


ns 


LDCKA or LDCKB low 


3 


10 


14 


20 


LDCKA or LDCKB high 


8 


10 


14 


20 


UNCKA or UNCKB low 


8 


10 


14 


20 


UNCKA or UNCKB high 


8 


10 


14 


20 


DAF or DBF high 


10 


10 


10 


10 


t su Setup time 


Data before LDCKA or 
LDCKBt 


4 


4 


5 


5 


ns 


Define AF/AE: D0-D8 
before DAF or DBFi 


5 


5 


5 


5 


Define AF/AE: DAF or 
DBFi before RSTA or 
RSTBt 


7 


7 


7 


7 


Define AF/AE (default): 
DAF or DBF high before 
RSTA or RSTBT 


5 


5 


5 


5 


RSTA or RSTB inactive 
(high) before LDCKA or 
LDCKBT 


5 


5 


5 


5 


th Hold time 


Data after LDCKA or 
LDCKBT 


1 


1 


2 


2 


ns 


Define AF/AE: D0-D8 
after DAF or DBFi 


0 


0 


0 


0 


Define AF/AE: DAF or 
DBF low after RSTA or 
RSTBT 


0 


0 


0 


0 


Define AF/AE (default): 
DAF or DBF high after 
RSTA or RSTBT 


0 


0 


0 


0 


Ta Operating free-air temperature 


0 70 


0 70 


0 70 


0 70 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt 


MAX 


UNIT 


VOH 


V C C = 4.5V, 


Iqh ="8mA 


2.4 


V 


vol 


Flags 


V C C = 4.5V, 


Iql = 8 mA 


0.5 


V 


I/O ports 


V C C = 4.5V, 


Iql = 16 mA 


0.5 


ii 


V C C = 5.5 V, 


V| = V C c orO 


±5 


HA 


ioz 


V C C = 5.5V, 


Vo = VCC c 0 


±5 


HA 


ice* 


V| = V<x-0.2VorO 


10 


400 


MA 


AICC § 


DIR. OE 


V C C = 5.5V, 


One input at 3.4 V, Other inputs at Vcc ° r G ND 


2 


mA 


Other inputs 


1 


Cj 


V| = 0, 


f=1 MHz 


4 


PF 


Co 


v 0 = o, 


f = 1 MHz 


8 


pF 



■ /-vii typical »aiuco aio qi v - ^ v, i^-w v-/. 

$ Ice tested with outputs open. 

§This is the supply current when each input is at one of the specified TTL voltage levels rather than 0 V or Vcc- 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figures 4 and 5) 



PARAMETER 


FROM 


TO 


'ACT2236-20 


ACT2236-30 


ACT2236-40 


ACT2236-60 


UNIT 


(INPUT) 


(OUTPUT) 


MIN 


TYPt 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


■max 


LDCK 




50 


33 


25 


16.7 


MHz 


UNCK 




50 


33 


25 


16.7 


tpd 


LDCKt, LDCKBt 


BorA 


8 




23 


8 


23 


8 


25 


8 


27 


ns 


tpd 


UNCKAt, 
UNCKBT 


BorA 


10 


17 


25 


10 


25 


10 


35 


10 


45 


ns 


tPLH 


LDCKt, LDCKBt 


EMPTYA, 
EMPTYB 


4 15 


4 


15 


4 


17 


4 


19 


ns 


tPHL 


UNCKAt, 
UNCKBt 


EMPTYA, 
EMPTYB 


2 




17 


2 


17 


2 


19 


2 


21 


ns 


tPHL 


RSTAi, RSTBi 


EMPTYA, 
EMPTYB 


2 




18 


2 


18 


2 


20 


2 


22 


ns 


tPHL 


LDCKt, LDCKBt 


FULLA, FULLB 


4 




15 


4 


15 


4 


17 


4 


19 


ns 


tPLH 


UNCKAt, 
UNCKBt 


FULLA, FULLB 


4 




15 


4 


15 


4 


17 


4 


19 


ns 


tPLH 


RSTAi, RSTBi 


FULLA, FULLB 


2 




15 


2 


15 


2 


17 


2 


19 


ns 


tPLH 


RSTAi, RSTBi 


AF/AEA, AF/AEB 


2 




15 


2 


15 


2 


17 


2 


19 


ns 


tPLH 


LDCKt, LDCKBt 


HFA, HFB 


2 




15 


2 


15 


2 


17 


2 


19 


ns 


tPHL 


UNCKAt, 
UNCKBt 


HFA, HFB 


4 




19 


4 


19 


4 


21 


4 


23 


ns 


tPHL 


RSTAi, RSTBi 


HFA, HFB 


1 




15 


1 


15 


1 


17 


1 


19 


ns 


tpd 


SAB or SBAU 


BorA 


1 




11 


1 


11 


1 


13 


1 


15 


ns 


tpd 


A or B 


BorA 


1 




11 


1 


11 


1 


13 


1 


15 


ns 


tpd 


LDCKt, LDCKBt 


AF/AEA, AF/AEB 


2 




19 


2 


19 


2 


21 


2 


23 


ns 


tpd 


UNCKAt, 
UNCKBt 


AF/AEA, AF/AEB 


2 




19 


2 


19 


2 


23 


2 


23 


ns 


ten 


DIR.OE 


A or B 


2 




12 


2 


12 


2 


14 


2 


16 


ns 


tdis 


DIR.OE 


A or B 


1 




10 


1 


10 


1 


12 


1 


14 


ns 



t All typical values are at Vcc = 5 V, Ta = 25°C. 
U These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 
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operating characteristics, Vcc = 5 V, = 25°C 



PARAMETER 


TEST CONDITIONS 


TYP 


UNIT 


Cpd 


Power dissipation capacitance per 1 K bits 


Outputs enabled 


C[_ = 50 pF, f = 5 MHz 


71 


PF 


Outputs disabled 


57 



TYPICAL CHARACTERISTICS 



PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 



typ + 8 
typ + 6 

typ + 4 



1 typ + 2 



2 



typ 



typ -2 



v C c = 

-T A = i 
R L = 


= av 

25°C - 1 










500 Q 











































































































50 100 150 200 250 
C|_ - Load Capacitance - pF 

Figure 2 



typ + 2 



3 typ + 1 

I 
I 

8 typ 

c 

.2 

to 

a. 

"55 . 

» typ - 1 



s 

a. 

i typ -2 

■a 
a. 
O 



typ -3 



POWER DISSIPATION CAPACITANCE 
vs 

SUPPLY VOLTAGE 



vc 

f i = 

t a 


C = 5 
5 Mh 

= 25° 


I 

V 
Iz 
C 

































































































300 4.5 4.6 4.7 4.8 4.9 5 5.1 5.2 

Vcc ~ Supply Voltage - V 

Figure 3 



5.3 5.4 5.5 



calculating power dissipation 

The maximum power dissipation (Pj) can be calculated by: 

PT = Vcc x OCC + (N x AI CC * dc)] + £(C pd x V CC 2 x fj) + E(C L x V CC 2 x f 0 ) 
where: 

Ice = power-down Ice maximum 

N = number of inputs driven by a TTL device 

Alec = increase in supply current 

dc = duty cycle of inputs at a TTL high level of 3.4 V 

C pc | = power dissipation capacitance 

C[_ = output capacitive load 

fj = data input frequency 

f 0 = data output frequency 
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From Output _ 
Under Test 



RL = 500Q 
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PARAMETER MEASUREMENT INFORMATION 

Input 

C L = 50 pF 



t pd -^- 



J 



3V 
GND 



->U-t pd 



Output 



1.5 V 



LOAD CIRCUIT TOTEM-POLE OUTPUTS 

Figure 4. Standard CMOS Outputs (All Flags) 



3V 

ov 



From Output 
Under Test ' 



V C C 



Rl 

-A/W- 



7 



LOAD CIRCUIT 



S1 



S2 



Input 



^1.5 V y ^1.5V 



tp ZL - 



Output 



tPZH" 



U-tp L z 



tPHZ 



t 



0.3 V 



Output 



^~ i 



JL 

3V-^" 



3V 
OV 

«V CC 

vol 

VOH 

«ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 



PARAMETER 


Rl 


C L t 


S1 


S2 


ten 


*PZH 


500 CI 


50 pF 


Open 


Closed 


tpZL 


Closed 


Open 


tdis 


tPHZ 


500 Q 


50 pF 


Open 


Closed 


tPLZ 


Closed 


Open 


tpdortt 




50 pF 


Open 


Open 



t Includes probe and test-fixture capacitance 

Figure 5. 3-State Outputs (A0-A8, B0-B8) 
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• Reads and Writes Can Be Asynchronous 
or Coincident 

• Organization: 

- SN74ACT7203L - 2048 x 9 

- SN74ACT7204L - 4096 x 9 

- SN74ACT7205L - 8192 x 9 

- SN74ACT7206L - 16383 x 9 

• Fast Data Access Times of 15 ns 

• Read and Write Frequencies up to 40 MHz 

• Bit-Width and Word-Depth Expansion 

• Fully Compatible With the IDT7203/7204 

• Retransmit Capability 

• Empty, Full, and Half-Full Flags 

• TTL-Compatible Inputs 

• Available in 28-Pin Plastic DIP (NP), Plastic 
Small-Outline (DV), and 32-Pin Plastic 
J-Leaded Chip-Carrier (RJ) Packages 

description 

These devices are constructed with dual-port 
SRAM and have internal write and read address 
counters to provide data throughput on a first-in, 
first-out (FIFO) basis. Write and read operations 
are independent and can be asynchronous or 
coincident. Empty and full status flags prevent 
underflow and overflow of memory, and 
depth-expansion logic allows combining the 
storage cells of two or more devices into one 
FIFO. Word-width expansion is also possible. 

Data is loaded into memory by the write-enable 
(W) input and unloaded by the read-enable (R) 
input. Read and write cycle times of 25 ns 
(40 MHz) are possible with data access times of 
15 ns. 



DV OR NP PACKAGE 
(TOP VIEW) 



w [ 


1 


28 


]v C c 


D8 [ 


2 


27 


] D4 


D3 [ 


3 


26 


] D5 


D2 [ 


4 


25 


] D6 


D1 I 


5 


24 


J D7 


DO [ 


6 


23 


] FL/RT 


xi[ 


7 


22 


]RS 


FF[ 


8 


21 


]EF 


Q0 [ 


9 


20 


] XO/HF 


Q1 [ 


10 


19 


]Q7 


Q2 [ 


11 


18 


]Q6 


Q3 [ 


12 


17 


]Q5 


Q8 [ 


13 


16 


]Q4 


GND [ 


14 


15 


]R 



RJ PACKAGE 
(TOP VIEW) 

co co O o in 
Q Q |> Z > Q Q 



D2 ]5 
D1 ]6 
DO ]7 
_XI ]8 
FF ] 9 
Q0 ]10 
Q1 ]11 
NC ]12 
Q2 ]13 



LJLJLJLJLJL-JLJ 

4 3 2 1 32 31 30 
O 



29 [ D6 
28 [ D7 

27 [ NC 

26 [ FL/RT 
25[ RS 

24 [ EF 

23 [ XO/HF 
22 [ Q7 
21 [ Q6 
14 15 16 17 18 19 20 

nnrnnrnrnri I 



CO CO 

O O 



ooicngg 
o 

NC - No internal connection 



These devices are particularly suited for providing a data channel between two buses operating at 
asynchronous rates. Applications include use as rate buffers from analog-to-digital converters in 
data-acquisition systems, temporary storage elements between buses and magnetic or optical memories, and 
queues for communication systems. A 9-bit-wide data path is provided for the transmission of byte data plus 
a parity bit or packet-framing information. The read pointer can be reset independently of the write pointer for 
retransmitting previously read data when a device is not used in depth expansion. 

The SN74ACT7203L, SN74ACT7204L, SN74ACT7205L, and SN74ACT7206L are characterized for operation 
from 0°C to 70°C. 
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SN74ACT7203L logic symbolt 



RS 
W 



XI 
FL/RT 



DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 



22 



_ 7 



23 



15 



2,4CT = 0(RST) 

— > 6 (WR PNTR) 

— > 6C1 

— G2 



FIFO 2048 x9 

O 

SN74ACT7203L 



(EXPAND) 
(1ST LOAD) 
J^J 2,4 (REXMIT) 



2(CT = 2047) G6 
4(CT = 2047) G6 
(CT = 2048) G6 

(CT = 0) G5 



(EXPAND) 



5 (RD PNTR) 
*M 5EN3 
G4 

(CT = WR PNTR - RD PNTR) 



CT>1024 ^ 





o 


s , 






s 






X 




21 


S * 


20 



6 


1D 3V 


9 


5 


10 




4 




11 




3 




12 




27 




16 




26 




17 




25 


18 




24 




19 




2 




13 











t This symbol is in accordance with ANSI/IEEE Std 91-1984 and EC Publication 617-12. 
Pin numbers shown are for the DV and NP packages. 



FF 



EF 



XO/HF 



Q0 
Q1 
Q2 
Q3 
Q4 
Q5 
Q6 
Q7 
Q8 
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SN74ACT7204L logic symbolt 



RS 
W 



XI 
FL/RT 



DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 



22 



_ 7 



23 



15 



FIFO 4096x9 
SN74ACT7204L 



^ 2,4CT = 0(RST) 

> 6 (WR PNTR) 

> 6C1 
G2 

(EXPAND) 

(1ST LOAD) 
2,4 (REXMIT) 



2(CT = 
4(CT = 

(CT: 



^ > 5 (RD PNTR) 



4095) G6 

4095) G6 

4096) G6 

(CT = 0) G5 

(EXPAND) 
CT > 2048 



5EN3 
G4 



(CT = WR PNTR - RD PNTR) 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DV and NP packages. 



21 



20 



6 


1D 3V 


9 


5 


10 




4 


11 




3 


12 




27 




16 




26 


17 




25 




18 




24 


19 




2 


13 











FF 



EF 



XO/HF 



Q0 
Q1 
Q2 
Q3 
Q4 
Q5 
Q6 
Q7 
Q8 
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SN74ACT7205L logic symbolt 



RS 
W 



XI 

FL/RT 



DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 



22 



23 



15 



FIFO 8192x9 
SN74ACT7205L 



2,4 CT = 0 (RST) 
> 6 (WR PNTR) 
J> 6C1 
G2 

(EXPAND) 
(1ST LOAD) 
2,4 (REXMIT) 



2(CT : 

4(CT: 

(CT = 



^> 5 (RD PNTR) 



8191) G6 

8191) G6 

8192) G6 

(CT = 0) G5 

(EXPAND) 
CT>4096 



5EN3 
G4 



(CT = WR PNTR - RD PNTR) 







s 






21 


S m 


20 



6 


1D 3V 


9 


5 


10 




4 




11 




3 


12 




27 


16 




26 




17 




25 


18 




24 


19 




2 


13 









t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DV and NP packages. 



FF 



EF 



XO/HF 



QO 
Q1 
Q2 
Q3 
Q4 
Q5 
Q6 
Q7 
Q8 
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SN74ACT7206L logic symbolt 



RS 
W 



XI 

FL/RT 



DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 



22 



7 



23 



15 



FIFO 16384x9 

O 

SN74ACT7206L 



2,4 CT = 0 (RST) 

> 6(WRPNTR) 

> 6C1 
G2 

(EXPAND) 
(1ST LOAD) 



2,4 (REXMIT) 
^ > 5 (RD PNTR) 



2(CT = 16383) G6 
4(CT = 16383) G6 
(CT = 16384) G6 

(CT = 0) G5 

(EXPAND) 
CT>8192 



5EN3 
G4 



(CT = WR PNTR - RD PNTR) 







s 






21 




20 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DV and NP packages. 



8 _ 
FF 



6 


1D 3V 


9 


5 


10 




4 




11 




3 




12 




27 




16 




26 


17 




25 




18 




24 




19 




2 




13 











EF 



XO/HF 



Q0 
Q1 
Q2 
Q3 
Q4 
Q5 
Q6 
Q7 
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functional block diagram 



D0-D8- 



W- 



Write 






Write 


Control 






Pointer 



RS- 
FL/RT- 



Reset 
Logic 



Read 
Control 



Location 1 



Location 2 



2048 x 9 or 
4096 x 9 or 
8192x9 or 
16384x9 
RAMt 



Status- 
Flag 
Logic 



Expansion 
Logic 



Read 
Pointer 



Q0-Q8 



FF 
IF 



XO/HF 



1 2048 x 9 for SN74ACT7203L; 4096 x 9 for SN74ACT7204L; 81 92 x 9 for SN74ACT7205L; 1 6384 x 9 for SN74ACT7206L 



RESET AND RETRANSMIT FUNCTION TABLE 
(single-device depth; single-or multiple-device width) 



INPUTS 


INTERNAL TO DEVICE 


OUTPUTS 


FUNCTION 


RS 


FL/RT 


XI 


READ POINTER 


WRITE POINTER 


EF FF 


XO/HF 


L 


X 


L 


Location zero 


Location zero 


L H 


H 


Reset device 


H 


L 


L 


Location zero 


Unchanged 


X X 


X 


Retransmit 


H 


H 


L 


Increment if EF high 


Increment if FF high 


X X 


X 


Read/write 


RESET AND FIRST- LOAD FUNCTION TABLE 
(multiple-device depth; single-or multiple-device width) 


INPUTS 


INTERNAL TO DEVICE 


OUTPUTS 


FUNCTION 


RS 


FL/RT 


XI 


READ POINTER 


WRITE POINTER 


EF 


FF 


L 


L 


t 


Location zero 


Location zero 


L 


H 


Reset first device 


L 


H 




Location zero 


Location zero 


L 


H 


Reset all other devices 


H 


X 


t 


X 


X 


X 


X 


Read/write 



$ XI is connected to XO/HF of the previous device in the daisy chain (see Figure 15). 
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Terminal Functions 



TERMINAL 
NAME 


I/O 


DESCRIPTION 


D0-D8 


I 


Data inputs 


EF 


0 


Empty-flag output. EF is low when the read pointer is equal to the write pointer, inhibiting any operation initiated by a read 
cycle. When the FIFO is empty, a data word can be read automatically at Q0-Q8 by holding R low when loading the data 
word with a low-level pulse on W. 


FF 


0 


Full-flag output. FF is low when the write pointer is one location less than the read pointer, indicating that the device is 
full and inhibiting any operation initiated by a write cycle. FF goes low when the number of writes after reset exceeds the 
number of reads by 2048 for the SN74ACT7203L, 4096 for the SN74ACT7204L, 8192 for the SN74ACT7205L, and 
1 6384 for the SN74ACT7206L. When the FIFO is full, a data word can be written automatically into memory by holding 

W low whilp rpflriino out anothpr Hata wnrri with a Iow-IpvpI oulcip on R 

VV tVJW WI lllv? ICClUliiM vlil CM Iwll Iwl UCLICI WUI U Willi OL lv/ W IC7Vv7l jJUlOv \Jll n. 


FL/RT 


I 


Fir<5t-lojiri/rptrjinQrnit inni it Fl /RT oprformQ two Qpoarsitp fi motions \A/hpn pa^pariino two or morp fipx/ipp^ for worri-rlpoth 

ill Ol IUCUJ/ 1 \5ll CM lOII III II IjJU I. run 1 }JC7I 1 v/I 1 MO IWU OwL/Cll CllO IUI IVsllv/l I©. V V 1 ICI 1 vQOwClVJII IVJ IWU sjl 1 1 IKJl w UCVIV/CO Iwl Wwl \J \JO|Jll 1 

expansion, FL/RT is tied to ground on the first device in the daisy chain to indicate that it is the first device loaded and 
unloaded; it is tied high on all other devices in the depth-expansion chain. 

A device is not used in depth expansion when its expansion-in (XT) input is tied to ground. In that case, FL/RT acts as 
a retransmit enable. A retransmit operation is initiated when FL/RT is pulsed low. This sets the internal read pointer to 
the first location and does not affect the write pointer. R and W must be at a high logic level during the low-level FL/RT 
retransmit pulse. Retransmit should be used only when less than 2048/4096 writes are performed between resets; 
otherwise, an attempt to retransmit can cause the loss of unread data. The retransmit function can affect XO/HF 
depending on the relative locations of the read and write pointers. 


GND 




Ground 


Q0-Q8 


0 


Data outputs. Q0-Q8 are in the high-impedance state when R is high or the FIFO is empty. 


R 


I 


Read-enable input. A read cycle begins on the falling edge of R if EF is high. This activates Q0-Q8 and shifts the next 
data value to this bus. The data outputs return to the high-impedance state as R goes high. As the last stored word is 
read by the falling edge of R, EF transitions low but Q0-Q8 remain active until R returns high. When the FIFO is empty, 
the internal read pointer is unchanged by a pulse on R. 


RS 


I 


Reset input. A reset is performed by taking RH low. This initializes the internal read and write pointers to the first location 
and sets EF low, FF high, and HF high. Both R and W must be held high for a reset during the window shown in Figure 7. 
A reset is required after power up before a write operation can take place. 


vcc 




Supply voltage 


W 




Write-enable input. A write cycle begins on the falling edge of W if FF is high. The value on D0-D8 is stored in memory 
as W returns high. When the FIFO is full, FF is low inhibiting W from performing any operation on the device. 


XI 


I 


Expansion-in input. XI performs two functions. XI is tied to ground to indicate that the device is not used in depth 
expansion. When the device is used in depth expansion, XI is connected to the expansion-out (XO) output of the previous 
device in the depth-expansion chain. 


XO/HF 


0 


Expansion-out/half-full-flag output. XO/HF performs two functions. When the device is not used in depth expansion (i.e., 
when XI is tied to ground), XO/HF indicates when half the memory locations are filled. After half of the memory is filled, 
the falling edge on W for the next write operation drives XO/HF low. XO/HF remains low until a rising edge of R reduces 
the number of words stored to exactly half of the total memory. 

When the device is used in depth expansion, XO/HF is connected to XI of the next device in the daisy chain. XO/HF drives 
the daisy chain by sending a pulse to the next device when the previous device reaches the last memory location. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc (see Note 1 ) -0.5 V to 7 V 

Input voltage range (any input), V| -0.5 V to 7 V 

Continuous output current, \q • 50 mA 

Voltage applied to a disabled 3-state output 5.5 V 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -55°C to 1 25°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to GND. 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vcc Supply voltage 


4.5 5 5.5 


V 


Vm High-level input voltage 


XI 


2.6 


V 


Other inputs 


2 


V|j_ Low-level input voltage 


0.8 


V 


lOH High-level output current 


-2 


mA 


IfjL Low-level output current 


8 


mA 


Ta Operating free-air temperature 


0 70 


°C 



electrical characteristics over recommended operating free-air temperature range, Vqc = 5.5 V 
(unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


MAX 


UNIT 


VOH 


VCC = 4.5 V, 


lOH = - 2 mA 




2.4 


V 


vol 


Vcc = 4.5 V, 


lOL = 8 mA 




0.4 


V 


'OZH 


vo = v C c. 


R>V| H 




±10 


jiA 


lOZL 


Vq = 0.4 V, 


R>V| H 




±10 


uA 


l| 


V| = 0to5.5V 


-1 


1 


MA 


'CGI* 


fclock = 20 MHz 


120 


mA 


ICC2* 


R, W, RS, and FL/RT at V| H 


12 


mA 


ICC3* 


V| = V C C -0.2 V 


2 


mA 


q§ 


V| = 0, 


Ta = 25°C, 


f = 1 MHz 


1 ° 


PF 


c 0 § 


vo = o, 


Ta = 25°C, 


f = 1 MHz 


10 


PF 



* 'CC1 - supply current; lcC2 = standby current; lcC3 = power-down current. Ice measurements are made with outputs open (only capacitive 
loading). 

§ This parameter is sampled and not 1 00% tested. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





FIGURE 


'ACT7203L-15 
ACT7204L-15 
ACT7205L-15 

'APT790RI -1*? 


ACT7203L-25 
ACT7204L-25 
ACT7205L-25 

'AOT790fil -9*5 


'ACT7203L-50 
ACT7204L-50 
ACT7205L-50 


UNIT 


MIM MAY 
MIIM MMA 


MIM MAY 


MIM MAY 
IVIIIN MMA 


: _ _ 

^clock Clock frecjUGncy, R or W 




4U 


Oft K 


1 K 


MHz 


^c(R) Cycle time, read 


i(a) 


OK 

do 


or 
OO 


DO 


ns 


^c(W) Cycle time, write 


1(D) 


OK 
dO 


'JK 
OO 


RK 
DO 


ns 


^c(RS) Cycle time, reset 


7 


OK 

do 




DO 


ns 


^c(RT) Cycle time, retransmit 


4 


25 


35 


DO 


ns 


tw(RL) Pulse duration, R low 


1(a) 


15 


OK 

do 


en 
OU 


ns 


tw(WL) Pulse duration, W low 


1(b) 


15 


OK 
£0 


en 
OU 


ns 


^w(RH) Pulse duration, R high 


i(a) 


1 u 


1 u 


1 K 
I O 


ns 


^w(WH) Pulse duration, W high 


l(b) 


1 U 


1 u 


1 K 

1 O 


ns 


W(RT) Pulse duration, FL/RT low 


A 

4 


1 K 

1 0 


OK 
dO 


KP. 
OU 


ns 


W(RS) Pulse duration, RS low 


7 


1 K 
I o 


OK 
dO 


KO 
OU 




^w(XIL) Pulse duration, XI low 


1 u 


1 K 
1 0 


OK 


Kfi 
OU 




+ /v/ii i\ Pi ilea Hiiro+irvn VI hinh 
'•WiXIrl) rUloc UUicUIUIl, ai niyri 


10 


10 


1 0 


10 




SU(D) ociup lime, (Jala UcIUfe VV 1 


1(D), D 


■j -j 


1 5 


30 




^su(RT) Setup time, R and W high before FL/RTTt 


4 


15 


25 


50 


ns 


*su(RS) Setup time, R and W high before RSTt 


7 


15 


25 


50 


ns 


*su(XI-R) Setup time, XI low before Ri 


10 


10 


10 


15 


ns 


tsufXI-W) Setup time, XI low before Wi 


10 


10 


10 


15 


ns 


th(D) Ho ' d time ' data after WT 


1(b), 6 


0 


0 


5 


ns 


th(E-R) Hold time > R low after EFT 


5,11 


15 


25 


50 


ns 


th(F-W) Hold time » W low after FFT 


6, 12 


15 


25 


50 


ns 


*h(RT) Hold time, R and W high after FL/RTT 


4 


10 


10 


15 


ns 


th(RS) Hold tim e. R an d W high after RST 


7 


10 


10 


15 


ns 



t These values are characterized but not currently tested. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Figure 13) 



PARAMETER 


FIGURE 


'ACT7203L-15 
ACT7204L-15 
ACT7205L-15 
ACT7206L-15 


'ACT7203L-25 
ACT72Q4L-25 
'ACT7205L-25 
ACT7206L-25 


ACT7203L-50 
ACT7204L-50 
'ACT7205L-50 
'ACT7206L-50 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


t a Access time, Ri or EFT to data out valid 


1(a), 3, 5 


15 


25 


50 


ns 


MRH) Valid time, data out valid after Rt 


1(a) 


5 


5 


5 


ns 


Enable time, Ri to Q outputs at 
en(R-QX) low impedancet 


1(a) 


5 


5 


10 


ns 


. Enable time, WT to Q outputs at 

t_>i-i/\A/ fW\ , , 

%n(W-QX) low impedancet* 


5 


5 


5 


15 


ns 


. . Disable time, RT to Q outputs at 
dis(R) hjgh j mpedance t 


1(a) 


15 


18 


30 


ns 


. Pulse duration, FF high in 
' ' automatic-write mode 


6 


15 


25 


45 


ns 


^ Pulse duration, EF high in 
w(EH) automatic-read mode 


5 


15 


25 


45 


ns 


t pd(W-F) Propagation delay time, Wi to FF low 


2 


15 


25 


45 


ns 


tpd(R-F) Propagation delay time, RT to FF high 


D, IC. 


10 


OK 


AC 


ns 


tpd(RS-F) Propagation delay time, RSi to FF high 


7 


25 


35 


65 


ns 


Propagation delay time, RSi to XO/HF 
tpd(RS-HF) high 


7 


25 


35 


65 


ns 


tpdfW-E) Propagation delay time, Wt to EF high 


3, 5,11 


15 


25 


45 


ns 


t pd(R-E) Propagation delay time, Ri to EF low 


3 


15 


25 


45 


ns 


tpd(RS-E) Propagation delay time, RSi to EF low 


7 


25 


35 


65 


ns 


Propagation delay time, Wi to XO/HF 
tpd(W-HF) |0W P9 y 


8 


25 


35 


65 


ns 


. Propagation delay time, Rt to XO/HF 
tpd(R-HF) njgh 


8 


25 


35 


65 


ns 


. Propagation delay time, Ri to XO/HF 
tpd(R-XOL) |ow y 


9 


15 


25 


50 


ns 


. Propagation delay time, Wi to XO/HF 
tpd(W-XOL) |0W H 


9 


15 


25 


50 


ns 


. Propagation delay time, Rt to XO/HF 
tpd(R-XOH) hjgh 


9 


15 


25 


50 


ns 


. Propagation delay time, WT to XO/HF 
tpd(W-XOH) h|gh 


9 


15 


25 


50 


ns 


Propagation delay time, 
tpdfRT-FL) FDRTi to HF, EF, FF valid 


4 


25 


35 


65 


ns 



t These values are characterized but not currently tested, 
t Only applies when data is automatically read 
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PARAMETER MEASUREMENT INFORMATION 



Q0-Q8 




-►f* tw(RL) 



-*T t w (RH) 



tw(RH) 



Valid 




(a) READ 



t C (W)- 



W 



D0-D8 



\ 



tw(WL) 



>k— t W (WH) -►! 

i — ^ 



I I I 

f- <su(D) ^(D) -*J 

I, J 



< 



Valid 



) C 



Valid 



> 



(b) WRITE 

Figure 1. Asynchronous Waveforms 





Lastwme 

'■ 1 


First Read 


Additional Reads 




I 
I 








^ — 4vy 

l« *j- tpd(W-F) j 


tpd(R-F) *j 






\ ! 


/ 





Figure 2. Full-Flag Waveforms 
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W 



EF 



D0-D8 



PARAMETER MEASUREMENT INFORMATION 



Last Read 



Ignored 
Read 



k tpd(R-E) | 



\ 



Valid 



First Write 



Additional Writes 



*pd(W-E) 



Figure 3. Empty-Flag Waveforms 



FL/RT 



Z 

W, R 



XO/HF, EF, FF 



t C (RT) 



tw(RT) 



X 



|4— t SU (RT) » f« th(RT) — ►( 




NOTE A: The EF, FF, and XO/HF status flags are valid after completion of the retransmit cycle. 

Figure 4. Retransmit Waveforms 



Valid Flag 
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QO -Q8 



PARAMETER MEASUREMENT INFORMATION 




Figure 5. Automatic-Read Waveforms 



w 



FF 



DO -D8 < 



th(F-W) 



4- 



-*r t P d ( R - p ) 



jf — i 



*w(FH) 



t h (D) 



< V3,id > 



tsu(D) 

Figure 6. Automatic-Write Waveforms 
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PARAMETER MEASUREMENT INFORMATION 



RS 



tc(RS) 



tw(RS) 



X 



w 



7j 



\ 



EF 



z 

XO/HRFF 



tpd(RS-E) 



*su(RS) ™V" 



-A- 



I 

~*h th(RS) 



tpd(RS-F) 



Figure 7. Master-Reset Waveforms 



Half Full or Less 



W 



XO/HF 



More Than Half Full 



tpd(W-HF) 



Half Full or Less 



\ r 



tpd(R-HF) 



Figure 8. Half-Full Flag Waveforms 
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PARAMETER MEASUREMENT INFORMATION 



w 



Write to Last 
Physical Location 



I 

tpd(W-XOH) -t* — N 



W — N- t p d(W-XOL) 



XO/HF 



I 

\ 



Read From Last 
Physical Location 



r — \ 



M 4" H-^xou I* 1 tpd(R " XOH> 



Figure 9. Expansion-Out Waveforms 



tw(XIL) 



w(XIH) 



} — s \ 



N w — tsu(Xi-W) 

Write to First 
W "\ Physical Location 



-H- t SU (xi-R) 



\ 



Read From First 
Physical Location 



Figure 10. Expansion-ln Waveforms 



• \ i 

tpd(W-E) -j« 

* j/ 

J 

■ l« *T *h(E-R) 

Figure 11. Minimum Timing for an Empty-Flag Coincident-Read Pulse 
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PARAMETER MEASUREMENT INFORMATION 

- \ K 

i , 

tpd(R-F) — W H 

* \ 

|* N- th(F-W) 

Figure 12. Minimum Timing for a Full-Flag Coincident- Write Pulse 
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PARAMETER MEASUREMENT INFORMATION 

5V 



1100 a 



From Output 
Under Test 



680 Q ^ 30 P F 

(see Note A) 



LOAD CIRCUIT 



Timing 
Input 



1.5 V 



3V 
GND 



tsu — H l h 

Data, \J 3V 

Enable \l-8V 



Input 



GND 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Hlgh-Level / 
Input A 



- 3V 



GND 



Low-Level 
Input 




- GND 



VOLTAGE WAVEFORMS 
PULSE DURATIONS 



Output 
Enable 



Low-Level 
Output 



High-Level 
Output 



5 V 

!<-t PLZ 



-IPZL 
: 1.5 V 

*PZH 



\<— tpHZ 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 



3V 
GND 

«3V 

VOL 
VOH 

«0V 



NOTE A: Includes probe and jig capacitance 



Input ^1.5 V ^S j- 5V 
tpd 



3 V 

GND 



In-Phase 
Output 



/1.5 V \l.5V 



vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



Figure 13. Load Circuit and Voltage Waveforms 
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APPLICATION INFORMATION 

Combining two or more devices to create one FIFO with a greater number of memory bits is accomplished in two 
different ways. Width expansion increases the number of bits in each word by connecting FIFOs with the same depth 
in parallel. Depth expansion uses the built-in expansion logic to daisy-chain two or more devices for applications 
requiring more than 2048, 4096, 81 92, or 1 6384 words of storage. Width expansion and depth expansion can be used 
together. 



width expansion 

Word-width expansion is achieved by connecting the corresponding input control to multiple devices with the 
same depth. Status flags (EF, FF, and HF) can be monitored from any one device. Figure 14 shows two FIFOs 
in a width-expansion configuration. Both devices have their expansion-in (XI) inputs_tied to ground. This 
disables the depth-expansion function of the device, allowi ng the f irst-load/retransmit (FL/RT) input to function 
as a retransmit (RT) input and the expansion-out/half-full (XO/HF) output to function as a half-full (HF) flag. 



depth expansion 

The SN74ACT7203L/7204L/7205L/7206L are easily expanded in depth. Figure 15 shows the connections 
used to depth expand three SN74ACT7203L/7204U7205L/7206L devices. Any depth can be attained by 
adding additional devices to the chain. The SN74ACT7203L/7204L/7205L/7206L operate in depth expansion 
under the following conditions: 

• The first device in the chain is designated by connecting FL to ground. 

• All other devices have their FL inputs at a high logic level. 

• XO of each device must be connected to XI of the next device. 

• External logic is needed to generate a composite FF and EF. All FF outputs must be ORed together, 
and all EF outputs must be ORed together. 

• RT and HF functions are not available in the depth-expanded configuration. 



combined depth and width expansion 

Both expansion techniques can be used together to increase depth and width. This is done by creating 
depth-expanded units and then connecting them in a width-expanded configuration (see Figure 16). 
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APPLICATION INFORMATION 
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Figure 14. Word-Width Expansion: 2048/4096 Words x 18 Bits 
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APPLICATION INFORMATION 
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Figure 15. Word-Depth Expansion: 6144/12288/24576/49152 Words x 9 Bits 
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APPLICATION INFORMATION 
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Figure 16. Word-Depth Plus Word-Width Expansion 
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General information ] 


1 


Telecom Single-Bit FIFOs 


T 


Reduced»Width FIFOs 


T 


9-Bit Clocked/Strobed FIFOs 


D 


8- and 9-Bit Asynchronous FIFOs 


5 


9-Bit Synchronous FIFOs 


6 


18-Bit Clocked FIFOs Ml 


18-Bit Strobed FIFOs 


8 


Muiti-Q™ 18- Bit FIFO 


9 


3.3-V Low-Powered 18-Bit FIFOs 


10 


DSP 32- and 36-Bit Clocked FIFOs 


11 


Internetworking 36-Bit Clocked FIFOs 


12 


High-Bandwidth Computing 36-Bit Clocked FIFOs 


13 


Military FIFOs 


14 


Application Reports 


15 


Mechanical Data 


16 
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9-BIT SYNCHRONOUS FIFOS 



Features 



Data I/O employs synchronous control 
architecture 

Multiple-speed sort options 
Depth from 51 2 to 4K words 
Write and read cycle times of 15 ns 
Bit-width expandable 

Empty, full, programmable-empty, and 
programmable-full flags 

Compatible to 722X1 pinout 

Tl has established an alternate source 



Benefits 

• Allows for simultaneous read and write 

• Design flexibility 

• Optimize depth for specific application 

• Increased system performance 

• Allows interface to larger data-path 
architectures 

• Multiple status flags to ease design efforts 

• Drop-in replaceable to existing layouts 
and designs 

• Standardization that comes from a 
common-product approach 
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RJ PACKAGE 
(TOP VIEW) 



m co s co 

a a a a a 



CM CO 

Q Q 

/ LJI_ILJLJLJLJI_J — I 
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OE 



ILU 



O t- CM CO ^ 

O O O O O 



• Read and Write Clocks Can Be 
Asynchronous or Coincident 

• Organization: 

- SN74ACT72211L - 512 x 9 

- SN74ACT72221 L - 1024 x 9 

- SN74ACT72231 L - 2048 x 9 

- SN74ACT72241 L - 4096 x 9 

• Write and Read Cycle Times of 15 ns 

• Bit-Width Expandable 

• Empty and Full Flags 

• Programmable Almost-Empty and 
Almost-Full Flags With Default Offsets 
of Empty+7 and Full -7, Respectively 

• TTL-Compatible Inputs 

• Fully Compatible With the 
IDT72211 /72221 /72231 /72241 

• Available in 32-Pin Plastic J-Leaded 
Chip Carrier (RJ) 

description 

The SN74ACT72211L, SN74ACT72221 L, SN74ACT72231 L, and SN74ACT72241 L are constructed with 
CMOS dual-port SRAM and are arranged as 51 2, 1 024, 2048, and 4096 9-bit words, respectively. Internal write 
and read address counters provide data throughput on a first-in, first-out (FIFO) basis. Full and empty flags 
prevent memory overflow and underflow, and two programmable flags (almost full and almost empty) are 
provided. 

The SN74ACT72211 L, SN74ACT72221 L, SN74AGT72231 L, and SN74ACT72241 L are synchronous FIFOs , 
which means the data input port and data output port each employ synchronous control. Write-enable (WEN1 , 
WEN2/LD) si gnals allow th e low-to-high transition of the write clock (WCLK) to store data in memory, and 
read-enable (REN1 , REN2) signals allow the low-to-high transition of the read clock (RCLK) to read data from 
memory. WCLK and RCLK are independent of one another and can operate asynchronously or be tied together 
for single-clock operation. 

The empty-flag (EF) output is synchronized to RCLK and the full-flag (FF) output is synchronized to WCLK to 
indicate absolute boundary conditions. Write operations are prohibited when FF is lo w, and read operations are 
prohibited when EF is low. Two programmable flags, programmable almost empty (PAE) and p rogra mmable 
almost full (PAF) , can both be programmed to indicate any measure of memory fill. After reset, PAE defaults 
to empty+7 and PAF defaults to full— 7. Flag-offset programming control is similar to a memory write with the 
use of the load (WEN2/LD) signal. 

These devices are suited for providing a data channel between two buses operating at asynchronous or 
synchronous rates. Applications include use as rate buffers for graphics systems and high-speed queues for 
communication systems. A 9-bit-wide data path is provided for the transmission of byte data plus a parity bit 
or packet-framing information. 

The SN74ACT72211L, SN74ACT72221 L, SN74ACT72231 L, and SN74ACT72241 L are characterized for 
operation from 0°C to 70°C. 



Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 



PRODUCTION DATA Information Is current as of publication date. B . Copyright © 1993, Texas Instruments Incorporated 

Texas Instruments w!m 

lecessarily Include Wf T EVAC 

testing of all parameters. jf f JCA/\3 
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functional block diagram 



OE ■ 
LD 
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Input Register 



RCLK - 
REN1 - 
REN2- 



Synchronous 
Read 
Control 



WCLK - 
WEN1 - 
WEN2 - 



Synchronous 
Write 
Control 



RS- 





Reset 




Logic 



Read 
Pointer 



Write 
Pointer 



Dual-Port 
SRAM 

512x9 or 
1024x9 or 
2048 x 9 or 
4096 x9t 



Output Register 



Status- 
Flag 
Logic 



Offset 
Registers 



EF 
PAE 
PAF 
FF 



1 51 2 x 9 for the SN74ACT7221 1 L; 1 024 x 9 for the SN74ACT72221 L; 2048 x 9 for the SN74ACT72231 L; 4096 x 9 for the SN74ACT72241 L 



6-4 



^ Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN74ACT72211L, SN74ACT72221L, SN74ACT72231L, SN74ACT72241L 

512 x 9, 1024 x 9, 2048 x 9, AND 4096 x 9 
SYNCHRONOUS FIRST-IN, FIRST-OUT MEMORIES 

SCAS222 - FEBRUARY 1 993 - REVISED JUNE 1 993 



Terminal Functions 



TERMINAL 
NAME NO. 


I/O 


DESCRIPTION 


D0 -° 8 3 6 2 -30 


I 


Data inputs 


EF 14 


0 


Empty-flag. When memory is empty, EF is low and further data reads are ignored by the device. When EF is 
high, the memory is not empty and data reads are allowed. EF is synchronized to RCLK by one flip-flop. 


FF 15 


0 


Full-flag. When memory is full, FF is low and data writes are inhibited. FF is synchronized to WCLK by one 
flip-flop. 


GND 9 




Ground 


OE 13 


I 


Output-enable. Q0-Q8 are in the high-impedance state when OE is high. Q0-Q8 are active when OE is low. 


PAE 8 


0 


Programmable almost-empty-flag. PAE is low when the FIFO is almost empty based on the value in its offset 
register, the default value for the register is empty +7. PAE is synchronized to RCLK by one flip-flop. 


PAF 7 


' 0 


Programmable almost-full-flag. PAF is low when the FIFO is almost full based on the value in its offset register. 
The default value for the register is full —7. PAF is synchronized to WCLK by one flip-flop. 


Q0-Q8 16-24 


0 


Data outputs 


RCLK 11 


I 


Read-clock. A data read is performed by the low-to-high transition of RCLK when RENT and REN2 are 
asserted and EF is high. 


RENT, 10, 
REN2 11 


I 


Read-enable. Data is read from the FIFO on a low-to-high transition of RCLK when RENT and REN2 are low 
and EF is high. 


RS 29 


I 


Reset. When RS is set low, the read and write pointers are initialized to the first RAM location and the FIFO 
is empty. FF and PAF are set high, and EF and PAE are set low. Each bit in the data output register is set low 
by a device reset. The FIFO must be reset after power up before data is written. 


v cc 




Supply voltage 


WCLK 27 


I 


Writp-Hnpk Data iq writtpn hvthp Sow-to-hinh transition nf Wf^l Kwhpn WFN1 anriWFN?/! D Arp£jQ<$prtpri flnrl 

V VI UC wlw^ L/&1& tO Wl I LLCs I 1 UY U IC IUW l\J 1 llMl 1 11 ul lOIUUI 1 \J\ VVULiX Wllwll VVLI\ 1 CLI l\J V V L_ i \Cf L_L> CM C7 ClOOv/l l\s\J C&l IVJ 

FF is high. 


WEN1 28 


I 


Write-enable 1 . WEN1 is the only write enable terminal if the device is configured to have programmable flags. 
Data is written on a low-to-high transition of WCLK when WEN1 is low and FF is high. If the FIFO is not 
configured for programmable flags, data is written on a low-to-high transition of WCLK when WEN 1 and WEN2 
are asserted and FF is high. 


WEN2/LD 26 


I 


Write-enable 2/load. This is a dual-purpose input. The FIFO can have either two write enables or 
programmable flags. To use WEN2/LD as a WEN2, WEN2/LD must be held high at reset. When WEN2 and 
WEN1 are asserted and FF is high, a low-to-high transition of WCLK writes data. To use WEN2/LD as the LD 
terminal, it must be held low at reset. In this case, LD is asserted low to write or read the programmable offset 
registers. 
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detailed description 
device reset 

A reset is performed by taking the reset (RS) input low. This initializes both the write a nd re ad pointers to the 
first memory location. After a reset, the full flag (FF) and p rogra mmable almost-full flag (PAF) are high and the 
empty flag (EF) and programmable almost-empty flag (PAE) are low. Each bit in the data output register 
(Q0-Q8) is set low, and the flag offset registers are loaded with the default offset values. A FIFO must be reset 
after power up before a write cycle is allowed. 

The logic level on the dual-purpose input write enable 2/load (WEN2/LD) during reset determines its function. 
If WEN2/LD is high when RS returns high at the end o f the reset cycle, the input is a second write enable ( see 
FIFO writes and reads) and the programmable flags (PAF, PAE) can only use the default values. If WEN2/LD 
is low when RS returns high at the end of the reset cycle, the input is the load (LD) enable for writing and reading 
flag offset registers (see flag programming). 

FIFO writes and reads 

Data is written to memory by a low-to-high transition of write clock (WCLK) when write enable 1 (WENT) is low, 
WEN2/LD is high, and FF is high. This stores D0-D8 data in the dual-port SRAM and increments the write 
pointer. 

If no reads are performed after reset (RS = V|l), FF is set low upon the completion of 512 writes to the 
SN74ACT7221 1 , 1 024 writes to the SN74ACT72221 , 2048 writes to the SN74ACT72231 , and 4096 writes to 
the SN74ACT72241 . Attempted write cycles are ignored when FF is low. FF is set high by the first low-to-high 
transition of WCLK after data is read from a full FIFO. FF and PAF are each synchronized to the low-to-high 
transition of WCLK by one flip-flop. 

If a device is configured to have two write enabl es (see device reset), data isjead by the low-to-high transition 
of read clock (RCLK) when both read enables (REN1 , REN2) are low and EF is high. WEN2/LD must also be 
high if the device is configured to have programmable flags. A read from the FIFO puts RAM data on Q0-Q8 
and increments the read pointer in the same sequence as the write pointer. New data is not shifted to the output 
register while either one or both of the read enables are high. 

EF and PAE are each synchronized to the low-to-high transition of RCLK by one flip-flop. When the device is 
empty, the write and read pointers are equal and EF is set low. Attempted read cycles are ignored while EF is 
set low. EF is set high by the first low-to-high transition of RCLK after data is written to an empty FIFO. 

WCLK and RCLK can be asynchronous or coincident to one another. Writing data to FIFO memory is 
independent of reading data from FIFO memory and vice versa. 

flag programming 

When WEN2/LD is held low during a device reset (RS = Vjl), the input is the load (LD) enable for flag offset 
programming. In this configuration, WEN2/LD can be used to access the four 8-bit offset registers contained 
in the SN74ACT72211 L/-72221 L/-72231 L/-72241 L for writing or reading data. 

When the device is configured for programmable flags and both WEN2/LD and WEN1 are low, the first 
low-to-high transition of WCLK writes data from the data inputs to the empty offset least significant bit (LSB) 
register. The second, third, and fourth low-to-high transitions of WCLK store data in the empty offset most 
sign ificant b it (MSB) register, full offset LSB register, and full offset MSB register, respect ively, when WEN2/LD 
and WEN1 are low. The fifth low-to-high transition of WCLK while WEN2/LD and WEN1 are low writes data to 
the empty LSB register again. Figure 1 shows the register sizes and default values for the various device types. 

It is not necessary to write to_aM the offset registers at one time. A subset of the offset registers can be written; 
then, by bringing the WEN2/LD input high, the FIFO is returned to normal read and write operation. The next 
time WEN2/LD is brought low, a write operation stores data in the next offset register in sequence. 
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flag programming (continued) 



The co ntents of the offset registers can be read to the data outputs when WEN2/LD is low and both REN1 and 
REN2 are low. Low-to-high transitions of RCLK read the register contents to the data outputs. Writes and reads 
should not be performed simultaneously on the offset registers (see Figure 1 and Table 1). 
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Figure 1. Offset Register Location and Default Values 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



6-7 



SN74ACT72211L, SN74ACT72221L, SN74ACT72231L, SN74ACT72241L 
512 x 9, 1024 x 9, 2048 x 9, AND 4096 x 9 
SYNCHRONOUS FIRST-IN, FIRST-OUT MEMORIES 

SCAS222 - FEBRUARY 1 993 - REVISED JUNE 1 993 



flag programming (continued) 



Table 1. Writing the Offset Registers 



LD WEN1 WCLKt 


SELECTION 


o o T 

0 1 T 

1 o T 
1 1 t 


Empty offset (LSB)^-i 
Empty offset (MSB) 

Full offset (LSB) 

Full offset (MSB) 

No operation 
Write into FIFO 
No operation 



t The same se lection seq uence applies to reading from 
the registers. REN1 and REN2 are enabled and a read 
is performed on the low-to-high transition of RCLK. 



programmable flag (PAE, PAF) operation 

Whether the flag offset registers are pr ogrammed as described in Table 1 or th e default values are used, the 
programmable almost-empty flag (PAE) and programmable almost-full flag (PAF) states are determined by their 
corresponding offset registers and the difference between the read and write pointers. 

The number formed by the empty offset least signific ant b it regis ter and empty offset most significant bit register 
is referred to as n and determines the operation of PAE. PAE is synchronized to the l ow-to -high transition of 
RCLK by one flip-flop and is low when the FIFO contains n or fewer unread words. PAE is set high by the 
low-to-high transition of RCLK when the FIFO contains (n + 1) or greater unread words. 

The number formed by the full offset least sign ificant bit register and full offset most significant bit register is 
referred to as rnand determines the operation of PAF. PAF is synchronized to the low-to-high transition of WCLK 
by one flip-flop and is set low when the number of unread words in the Fl FO is greater then or equal to (51 2 - m) 
for the SN74ACT72211L, (1024 - m)Jor the SN74ACT72221L, (2048 - m) for the SN74ACT72231L, and 
(4096 - m) for the SN74ACT72241 L. PAF is set high by the low-to-high transition of WCLK when the number 
of available memory locations is greater than m (see Table 2). 



Table 2. Status Flags 



NUMBER OF WORDS IN FIFO 


OUTPUTS 


SN74ACT72211L 


SN74ACT72221L 


SN74ACT72231L 


SN74ACT72241L 


FF 


PAF 


PAE 


If 


0 


0 


0 


0 


H 


H 


L 


L 


1 to nt 


1 to nt 


1 to nt 


1 tont 


H 


H 


L 


H 


(n + 1)to 
[512- (m + 1)] 


(n + 1)to 
[1024 -(m + 1)] 


(n + 1)to 
[2048 -(m + 1)] 


(n + 1)to 
[4096 -(m + 1)] 


H 


H 


H 


H 


(512 -m)* to 511 


(1024-m)t to 1023 


(2048 -m)t to 2047 


(4096 -m)* to 4095 


H 


L 


H 


H 


512 


1024 


2048 


4096 


L 


L 


H 


H 



t n = empty offset (default value = 7) 
+" m = full offset (default value = 7) 
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WEN2/LD 
(see Note A) 



FF, PAF 



Q0-Q8 



NOTES: A. Holding WEN2/LD high during reset makes it act as a second write enable. Holding WEN2/LD low during reset makes it act as £ 
load enable for the programmable flag offset registers. _ 

B. After reset, the outputs are low if OE is low and at the high-impedance level if OE is high. 

C. The clocks (RCLK, WCLK) can be free running during reset. 

Figure 2. Reset Timing 
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WEN2 
(if applicable) 



FF 



RCLK 
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REN2 



ta ►! 



I . T — *h(EN) 
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No Operation 



No Operation 



pd(W-FF) 



*pd(W-FF) ►! 



t s ki (see Note A) 



\ 



y v 



/ 



/ 



A 



NOTE A: t s ki is the minimum time between a rising RCLK edge and a subsequent rising WCLK edge for FF to change logic levels during the 
current clock cycle. If the time between the rising edge of RCLK and the subsequent rising edge of WCLK is less than t s ^i , then FF may 
not change its logic level until the next WCLK rising edge. 

Figure 3. Write-Cycle Timing 
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j- — %(CLKH) — Wfi — %(CLKL) ^ 



RCLK 



REN1, REN2 



^ft/^f No °p eration 



Q0-Q8 



WCLK 



WEN1 



* tpd(R-EF) 



|* tpd(R-EF) H 



U t S k1 (see Note A) 



/ 




J V 



\ r 



WEN2 



NOTE A: t S ki is the minimum time between a rising WCLK edge and a subsequent rising RCLK edge for EF to change logic levels during the 
current clock cycle. If the time between the rising edge of WCLK and the subsequent rising edge of RCLK is less than t s |<i , then EF may 
not change its logic level until the next RCLK rising edge. 

Figure 4. Read-Cycle Timing 
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WCLK 



D0-D8 



WEN1 



WEN2 
(if applicable) 



RCLK 



Q0-Q8 




!« H~ tsu(EN) 




NOTE A: t S ki is the minimum time between a rising WCLK edge and a subsequent rising RCLK edge for EF to change during the current clock 
cycle. If the time between the rising edge of WCLK and the rising edge of RCLK is less than t s |<i , then EF may not change state until 
the next RCLK edge. 

Figure 5. First-Data- Word-Latency Timing 
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WEN1 



WEN2 
(if applicable) 




RCLK 



tsu(EN) 
RENT 
REN2 



NOTE A: t S |<i is the minimum time between a rising RCLK edge and a subsequent rising WCLK edge for FF to change logic levels during the 
current clock cycle. If the time between the rising edge of RCLK and the subsequent rising edge of WCLK is less than t s ^i , then FF may 
not change its logic level until the next WCLK rising edge. 

Figure 6. Full-Flag Timing 
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WCLK 




WEN2 ? 
(if applicable) 



RCLK 



EF 



REN1, 
REN2 



OE 



Q0-Q8 



Low 



tsu(EN) ~N N4-^- t h (EN) 



>h *sk1 (see Note A) 




tpd(R-EF) -k 



*j- tpd(R-EF) tpd(R-EF) -W- 



/ 



\ 



\ 



Data in Output Register 



|4-t a -*| 

zzx: 



Data Read 



NOTE A: t s j<i is the minimum time between a rising WCLK edge and a subsequent rising RCLK edge for EF to change logic levels during the 
current clock cycle. If the time between the rising edge of WCLK and the subsequent rising edge of RCLK is less than t s ki , then EF may 
not change its logic level until the next RCLK rising edge. 

Figure 7. Empty-Flag Timing 



6-14 
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tw(CLKH) -j* ►!« ►[- MCLKL) j See Note D 



WCLK 



WEN1 




WEN2 
(if applicable) 



PAF 



tsu(EN) U M » l th(EN) 



I 



tpd(W-AF) -H- 



[Full - (m + 1)] Words in FIFO 
(see Note A) 



H i 

(Full -m) Words in FIFO | 
(see Note B) j 



RCLK 



REN1, 
REN2 




tsu(EN) 



< >4 ► 



th(EN) 



NOTES: A. PAF offset = m 

B. (512-m) words for SN74ACT72211L, (1 024 -m) words for SN74ACT72221L, (2048-m) words for SN74ACT72231L, (4096-m) 
words for SN74ACT72241L 

C. t s k2 is the minimum time between a rising RCLK edge and the subsequent rising WCLK edge for PAF to change its logic level d uring 
that clock cycle. If the time between the rising edge of RCLK and the subsequent rising edge of WCLK is less than t S |<2, then PAF 
may not change its logic level until the next WCLK rising edge. 

D. If a write is performed on this rising edge of the write clock, there will be [Full - (m - 1)] words in the FIFO when PAF goes low. 

Figure 8. Programmable Almost-Full Flag Timing 
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tw(CLKH) | « » | « »j - t w (CL KL) 



WCLK 



WEN1 




WEN2 
(if applicable) 



*su(EN) U t \ < »j t h (EN) 



PAE n Words in FIFO 



RCLK 



See Note A 



(n + 1) Words in FIFO 

tpd(R-AE) 4| H 




REN1 
REN2 

NOTES: A. PAE offset =n 

B. t s k2 is the minimum time between a rising WCLK edge and the subsequent rising RCLK edge for PAE to change its logic level d uring 
that clock cycle. If the time between the rising edge of WCLK and the subsequent rising edge of RCLK is less than t S |<2, then PAE 
may not change its logic level until the next RCLK rising edge. 

C. If a write is performed on this rising edge of the write clock, there will be [Empty + (n - 1)] words in the FIFO when PAE goes low. 

Figure 9. Programmable Almost-Empty Flag Timing 
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tw(CLKH) -f* ►[« -*T t w( 



(CLKL) 



WCLK 



LD 



WEN1 



D0-D7 




tsu(EN) k >\4 ^ th(EN) 



tsu(EN) 



tsu(D) | « *\ * »j t h(D) 



PAE 
Offset 
(LSB) 



PAE 
Offset 
(MSB) 



PAF 
Offset 
(LSB) 



Figure 10. Write-Offset-Registers Timing 



PAF 
Offset 
(MSB) 



tw(CLKH) -f* ►[« ►p tw(CLKL) 



RCLK 



LD 



REN1, 
REN2 



Q0-Q7 




*SU(EN) U »| « »j th(EN) 



su(EN) W »| 



Data In Output Register 



^PAE Offset (LSB)^PAE Offset (MSB)^ PAF Offset (LSB) 



PAF Offset (MSB) 



XI 



Figure 11. Read-Offset-Registers Timing 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc (see Note 1 ) -0.5 V to 7 V 

Input voltage range, any input, V| (see Note 1) . . -0.5 V to 7 V 

Continuous output current, Iq ±50 mA 

Voltage applied to a disabled 3-state output 5.5 V 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range under bias -55°C to 1 25°C 

Storage temperature range -55°C to 125°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to GND. 



recommended operating conditions 





MIN NOM MAX 


UNIT 


VCC Supply voltage 


4.5 5 5.5 


V 


Vm High-level input voltage 


2 


V 


V|i_ Low-level input voltage 


0.8 


V 


Iqh High-level output current 


-2 


mA 


lOL Low-level output current 


8 


mA 


Ta Operating free-air temperature 


0 70 


°C 


electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


v OH High-level output voltage 


V C C = 4.5V, l 0 H=-2mA 


2.4 


V 


Vql Low-level output voltage 


Vcc = 4.5 V, Iol = 8 mA 


0.4 


V 


1 1 Input current 


Vqc = 5.5 V, V| = Vcc or 0 V 


±1 


uA 


loz High-impedance output current 


Vcc = 5.5 V, Vo = Vccor0V 


±10 




Cj* Input capacitance 


V| = 0, ' f = 1 MHz 


10 


PF 


Co* Output capacitance 


Vq = 0, f=1MHz, OE^Vih 


10 


PF 


ICC^ Active supply current 


fclock = 20 MHz 


SN74ACT72211L 


140§ 


mA 


SN74ACT72221 L, SN74ACT72231 L, 
SN74ACT72241L 


160# 



* Specified by design but not tested 

§ Ice measurements are made with outputs open (only capacitive loading). Typical Ice = 65 + (fclock* 1 -1/MHz) + (fclock x CL x 0.03/MHz-pF) mA 

(C|_ = external capacitive load). 
^ The Ice limits are va'id ^r t c = 1 5, 20, 25, and 50 ns. 

# ICC measurements are made with outputs open (only capacitive loading). Typical Ice = 80 + (f c | 0C |<x2.1/MHz) + (fclock xC L x 0.03/MHz-pF) mA 
(C|_ = external capacitive load). 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figures 2 through 13) 





ACT72221L-15 
ACT72231L-15 
ACT72241L-15 


AOr7ZZ11L-ZU 

ACT72221L-20 
'ACT72231L-20 
'ACT72241L-20 


AOI7ZZ11L-ZO 

ACT72221L-25 
ACT72231L-25 
ACT72241L-25 


'ACT72221L-50 
ACT72231L-50 
'ACT72241L-50 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


frloek Clock frequency, RCLK or WCLK 


66.7 


50 


40 


20 


MHz 


t c Clock cycle time, RCLK or WCLK 


15t 


20 


25 


50 


ns 


Pi ilea rlnratinn RPI \C r\r WPI K 

r uise auraiion, nv-»Lr\ or vvoLrv 
tw(CLKH) hjgh 


6 


8 


10 


20 


ns 


MCLKL) Pulse duration, RCLK or WCLK low 


6 


8 


10 


20 


ns 


MRS) Pu,se duration, RS low 


15 


20 


25 


50 


ns 


tsu(D) Setu P time > DO - D8 before RCLKT 


4 


5 


6 


10 


ns 


Setup time, WEN1 , WEN2*, and 
tsu(EN) LD§ before WCLKT; REN1 , REN2, 
and LD§ before RCLKT 


4 


5 


6 


10 


ns 


Setup time, RENT, REN2, WEN1, 
*su(RS) and WEM2/LD before RS high 


15 


20 


25 


50 


ns 


t h (D) Hold time, D0-D8 after RCLKT 


1 


1 


1 


2 


ns 


Hold time, WEN1 , WEN2*. and 
*h(EN) LD§ after WCLKt; REN1 , REN2, 
and LD§ after RCLKT 


1 


1 


1 


2 


ns 


Hold time, REN1 , REN2, WEN1 , 
l h(RS) and WEN2/LD after RS high 


15 


20 


25 


50 




Skew time between RCLKT and 
WCLKT to allow EF or FF to 
sk1 change logic levels during the 
current clock cycle 


6 


8 


10 


15 


ns 


Skew time between RCLKT and 
t WCLKT to allow PAF or PAE to 
sk 2 change logic levels during the 

current clock cycle 


28 


35 


40 


45 


ns 



t Valid for PAE or PAF program values as follows: 

< 63 bytes from the respective boundary for the SN74ACT7221 1 L; 

< 51 1 bytes from the respective boundary for the SN74ACT72221 17-72231 U-72241 L; 
minimum t c is 20 ns for program values greater than those indicated above. 

t Applicable when the device is configured with two write-enable inputs (WEN2/LD = WEN2). 
§ Applicable when the device is configured to have programmable flags (WEN2/LD = LD). 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figures 2 through 13) 



PARAMETER 


ACT72211L-15 
'ACT72221L-15 
ACT72231L-15 
'ACT72241L-15 


ACT72211L-20 
ACT72221L-20 
ACT72231L-20 
'ACT72241 L-20 


ACT72211L-25 
ACT72221L-25 
ACT72231L-25 
'ACT72241 L-25 


'ACT72211L-50 
ACT72221L-50 
ACT72231L-50 
'ACT72241 L-50 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


Access time, RCLKT to Q0-Q8 
a valid 


2 10 


2 12 


3 15 


3 25 


ns 


Propagation delay time, OE low to 
tpdCOE-Q) qo_q 8 va | id 


3 8 


3 10 


3 13 


3 28 


ns 


Propagation delay time, RCLKt to 

WWR-FR 7=1= I ... 

pa^M tr-; EF | 0W or h|gh 


10 


12 


15 


30 


ns 


Propagation delay time, WCLKt to 

tnriAA/-FF^ 1=1= , , . . 
pa^vv rrj pp | ow or high 


10 


12 


15 


30 


ns 


Propagation delay time, RCLKT to 

WtfR-AR i=m= . ... 

pa^i-i At; pae low or high 


10 


12 


15 


30 


ns 


Propagation delay time, WCLKt to 
tpd(W-AF) pap low or high 


10 


12 


15 


30 


ns 


Propagation delay time, RS low to 

tpd(R.s-0) anc ' n '9 n ancl paf -> anc ' 
Q0-Q8 low 


15 


20 


25 


50 


ns 


Enable time, OE low to Q0-Q8 at 
en the low-impedance levelt 


0 


0 


0 


0 


ns 


Disable time, OE high to Q0-Q8 at 
dis the high-impedance levelt 


3 8 


3 10 


3 13 


3 28 


ns 



t These values are characterized but not tested. 
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APPLICATION INFORMATION 



width-expansion configuration 

Word width is increased by connecting the corresponding input control signals of multiple devices. Composite 
empty and full flags should be created by monitoring all devices in width expansion. Almost-full and 
almost-empty status can be obtained from any one device. Figure 12 shows an 18-bit-wide data path formed 
by using two SN74AGT72211 L/72221 L/72231 L/72241 L devices. 



In Figure 12, read enable 2 (REN2) is grounded and read enable 1 (REN1) acts as the only read control. The 
write enable 2/load (WEN2/LD) input of only one device is set low at reset to configure the device for 
programmable flags and to have it act as a load control for reading and writing the programmable flag offset 
registers. 



SN74ACT72211 L/72221 L/72231 L/72241 L 



RS- 
WCLK- 
WEN1 - 

LD- 
PAF - 



FF- 



D0-D17- 



18 



D0-D8 



RS 

WCLK 

WEN1 

WEN2/LD 

PAF 

FF 

D0-D8 



RCLK 
REN1 
REN2 

PAE 
EF 
Q0-Q8 



SN74ACT72211 L/72221 L/72231 L/72241 L 



5V- 



D9-D17 



RS RCLK 

WCLK REN1 

WEN1 REN2 
WEN2/LD 



FF 

D0-D8 



EF 
Q0-Q8 



1 



1 



Q0-Q8 



Q9-Q17 



-RCLK 
-REN1 



PAE 



EF 



18 



Q0-Q17 



Figure 12. Word-Width Expansion for 512/1024/2048/4096 x 18 FIFO 
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PARAMETER MEASUREMENT INFORMATION 

5V 



From Output 
Under Test 



680 ft 



1100 Q 



30 pF 

(see Note A) 



Input *1.5V 
tpdH«— +\ 



In-Phase 
Output 



k — ►j-tpc 



^kl.5V ^1.5V 



3V 
GND 

VOH 

vol 



LOAD CIRCUIT 



VOLTAGE WAVEFORMS 



Timing 
Input 



3V 
GND 



t su H«— * th 

Data \J -\t 3 V 

Input /1-5V \1.5V 

—I \ GND 



High-Level 
Input 



_ 3V 



Low-Level 
Input 



: 1.5 V 



1™1 



GND 

3V 
GND 



VOLTAGE WAVEFORMS 

NOTE A: Includes probe and jig capacitance 

Figure 13. Load Circuit and Voltage Waveforms 



VOLTAGE WAVEFORMS 
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General Information 



1 



Telecom Single-Bit FIFOs 


2 


Reduced-Width FIFOs 




9-Bit Clocked/Strobed FIFOs 


D 


8- arid 9-Bit Asynchronous FIFOs 


5 


$*B\t Synchronous FIFOs 


6 


1 8-Bit Clocked FIFOs B 


18-Bit Strobed FIFOs 


8 


Multi-CP 18-Bit FIFO 


9 


3.3-V Low-Powered 18-Bit FIFOs 


10 


DSF 32- and 36-Bit Clocked FIFOs 


11 


Internetworking 36-Bit Clocked FIFOs 


12 


High-Bandwidth Computing 36«Bit Clocked FIFOs 


13 


Military FIFOs 


14 


Application Reports 


15 


Mechanical Data 


16 
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18-BIT CLOCKED FIFOS 
Features Benefits 



Members of Texas Instruments Widebus™ 
family 

Advanced BiCMOS process 

0.8-fim CMOS process 

Tl's advanced clocked interface 
Support clock rates up to 80 MHZ 
Fast access times 

High drive capabilites 

Depths from 64 to 4K words 

Latched input and output registers 

Grey-code flag architecture 
First-word fallthrough 
Programmable AF/AE flag 
Multistage flag synchronization 

Output edge control (OEC™) circuitry 
Distributed Vqc and GND 

Fine-pitch package options 
EIAJ 80-pin TQFP packages 



Combine wider data-path capability with 
reduced board space area 

Fast access time for improved system 
cycle time and performance 

Fast access times combined with low 
power 

Supports free-running clocks with enables 

Supports high-performance systems 

Access times as low as 9 ns for improved 
performance 

Drive capability as high as -12 mA to 
24 mA for high fanout and bus 
applications 

Multiple depths to optimize system 
applications 

Allows for fast access times and reduced 
setup and hold times 

Eliminates race conditions 

Eases system interface requirements 

Increases design flexibility 

Increases reliability by increasing mean 
time between failures (MTBF) 

Improved reliability 

Improved noise immunity and mutual 
coupling effects 

Significantly reduce critical board space 

Board-space savings of up to 70% over 
68-pin PLCC option 



SN74ACT7813 

64 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 
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DL PACKAGE 
(TOP VIEW) 



• Member of the Texas Instruments 
Widebus™ Family 

i Free-Running Read and Write Clocks Can 
Be Asynchronous or Coincident 

• Read and Write Operations Synchronized 
to Independent System Clocks 

• Input-Ready Flag Synchronized to Write 
Clock 

• Output-Ready Flag Synchronized to Read 
Clock 

• 64 Words by 18 Bits 

• Low-Power Advanced CMOS Technology 

• Half-Full Flag and Programmable 
Almost-Full/Almost-Empty Flag 

• Bidirectional Configuration and Width 
Expansion Without Additional Logic 

• Fast Access Times of 12 ns With a 50-pF 
Load and All Data Outputs Switching 
Simultaneously 

• Data Rates From 0 to 67 MHz 

• Pin Compatible With SN74ACT7803 and 
SN74ACT7805 

• Packaged in Shrink Small-Outline 300-mil 
Package (DL) Using 25-mil Center-to-Center 
Spacing 

description 

The SN74ACT7813 is a 64-word x 18-bit FIFO 
suited for buffering asynchronous data paths at 
67-MHz clock rates and 12-ns access times. Its 
56-pin shrink small-outline package (DL) offers 

greatly reduced board space over DIP, PLCC, and conventional SOIC packages. Two devices can be configured 
for bidirectional data buffering without additional logic. Multiple distributed Vqc and GND pins along with TPs 
patented output edge control (OEC™) circuit dampen simultaneous switching noise. 

The write clock (WRTCLK) and read clock (RDCLK) should be free running and can be asynchron ous or 
coincident. Data is written to memory on the rising edge of WRTCLK when W RTEN1 i s high , W RTEN 2 is low, 
and IR is high. Data is read from memory on the rising edge of RDCLK when RDEN, OE1 , and OE2 are low 
and O R is high. The first word written to memory is clocked through to the output buffer regardless of the RDEN, 
OE1 , and OE2 levels. The OR flag indicates that valid data is present on the output buffer. 





1 


56 


J vJC I 


r\H7 r 
U1 / [ 


2 


55 


J U 1 / 


Ulb [ 


3 


54 


J Uib 


HHC r 

uio i 


4 


53 


J Uio 


p\ ■* a r 
D14 i 


5 


52 


J yjviu 


D13 [ 


6 


51 


J U14 




7 


50 


J V CC 


n-n r 


8 


49 


J Uio 


uiu l 


9 


48 


J Ui^ 


\/ r 
v cc L 


10 


47 


J U l 1 


r\r\ T 

D9 [ 


11 


46 


J U lU 


no r 

Do L 


12 


45 


j uy 




13 


44 


J vjiINU 


H7 r 

Ul i 


14 


43 


J Uo 


ncj r 
Do L 


15 


42 


J Q7 


nc r 
uo I 


16 


41 


1 Oft 
J Uo 


U4 L 
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The FIFO can be reset asynchronously to WRTCLK and RDCLK. RESET must be asserted while at least four 
WRTCLK and four RDCLK rising edges occur to clear the synchronizing registers. Resetting the FIFO initializes 
the IR, OR, and HF flags low and the AF/AE flag high. The FIFO must be reset upon power up. 

The SN74ACT781 3 is characterized for operation from 0°C to 70°C. 



Widebus and OEC are trademarks of Texas Instruments incorporated. 



PRODUCTION DATA Information Is current as of judication date. H „ Copyright © 1992, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas instruments W> im 

standard warranty. Production processing does not necessarily include ^t'# TV*-**- a 

testing of all parameters. 1EXAS 
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logic symbolt 



RESET 
WRTCLK 
WRTEN1 
WRTEN2 

RDCLK 

OE1 
OE2 



RDEN 
PEN 

DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 
D10 
D11 
D12 
D13 
D14 
D15 
D16 
D17 



25 



27 



26 



32 



23 



21 



20 



19 



18 



17 



16 



15 



14 



12 



56 




30 


1 








IN" 






IS 


31 




IN 



o 

FIFO 64x18 
RESET SN74ACT7813 

> WRTCLK 



& 



WRTEN 



RDCLK 



EN1 



RDEN 



IN RDY 
HALF-FULL 
ALMOST FULL/EMPTY 
OUT RDY 



PROGRAM ENABLE 
3 



17 



Data 



1V 



17 



28 
22 
24 
29 



33 
34 



37 
38 
40 
41 
42 
43 
45 
46 
47 
48 
49 
51 
53 
54 
55 



IR 
HF 

AF/AE 
OR 



Q0 

Q1 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 

Q8 

Q9 

Q10 

Q11 

Q12 

Q13 

Q14 

Q15 

Q16 

Q17 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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functional block diagram 



OE1 
OE2 

D0-D17 



RDCLK 



RDEN 



WRTCLK 
WRTEN1 
WRTEN2 



RESET - 
PEN ■ 



Output 
Control 



Synchronous 
Read 
Control 



Synchronous 
Write 
Control 



Reset 
Logic 



Read 
Pointer 



Write 
Pointer 



Status- 
Flag 
Logic 



1 



z 



Location 1 



Location 2 



64x18 RAM 



V Location 63 



Location 64 



Register 




Q0-Q17 



OR 

IR 

HF 

AF/AE 
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Terminal Functions 



TERMINAL 
NAME NO. 


I/O 


DESCRIPTION 


AF/AE 24 


0 


Almost-full/almost-empty flag. Depth offset values can be programmed for AF/AE, or the default 
value of 8 can be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AE is 
high when memory contains X or less words or (64 - Y) or more words. AF/AE is high after reset. 


D0-D17 21 " 1 ^ 2 2 - 11 ' 


I 


The 18-bit data input port 


HF 22 


o 


Half-full flag. HF is high when the FIFO memory contains 32 or more words. HF is low after reset. 


IR 28 


0 


Input-ready flag. IR is synchronized to the low-to-high transition of WRTCLK. When IR is low, the 
FIFO is full and writes are disabled. IR is low during reset and goes high on the second low-to-high 
transition oi vvn i l>li\ aner reset. 


OET, OE2 56, 30 


I 


Output enables. When OE1 , OE2, and RDEN are low and OR is high, data is read from the FIFO 
on a low-to-high transition of RDCLK. When either OE1 or OE2 is high, reads are disabled and the 
data outputs are in the high-impedance state. 


OR 29 


0 


Output-ready flag. OR is synchronized to the low-to-high transition of RDCLK. When OR is low, the 
FIFO is empty and reads are disabled. Ready data is present on Q0-Q17 when OR is high. OR is 
low during reset ana goes nign on me inira low-to-nign transition oi nuoLrv aner trie ursi woru is 
loaded to empty memory. 


PEN 23 


I 


Program enable. After reset and before the first word is written to the FIFO, the binary value on 
D0-D4 is latched as an AF/AE offset value when PEN is low and WRTCLK is high. 


1A Qft 'iQ 
OO — 04, OO— OO, 

Q0-Q17 40-43,45-49, 
51,53-55 


0 


The 18-bit data output port. After the first valid write to empty memory, the first word is output on 
Q0-Q17 on the third rising edge of RDCLK. OR is also asserted high at this time to indicate ready 
data. When OR is low, the last word read from the FIFO is present on Q0-Q17. 


RDCLK 32 


I 


Read clock. RDCLK is a continuous clock and can be asynchronous or coincident to WRTCLK. A 
low-to-high transition of RDCLK reads data from memory when OE1 , OE2, and RDEN are low and 
OR is high. OR is synchronous to the low-to-high transition or RDCLK. 


RDEN 31 


I 


Read enable. When RDEN, OE1 , and OE2 are low and OR is high, data is read from the FIFO on 
the low-to-high transition of RDCLK. 


RESET 1 


I 


Reset. To reset the FIFO, four low-to-high transitions of RDCLK and four low-to-high transitions of 
WRTCLK must occur while RESET is low. This sets HF, IR, and OR low and AF/AE high. 


WRTCLK 25 


I 


Write clock. WRTCLK is a continuous clock and can be asynchronous or coincident to RDCLK. A 
low-to-high transition of WRTCLK writes data to memory when WRTEN2 is low, WRTEN1 is high, 
and IR is high. IR is synchronous to the low-to-high transition of WRTCLK. 


WRTEN1, 

WRTEN2 ' 


I 


Write enables. When WRTEN1 is high, WRTEN2 is low, and IR is high, data is written to the FIFO 
on a low-to-high transition of WRTCLK. 
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RESET 



PEN 



WRTCLK 



WRTEN1 



WRTEN2 



D0-D17 



RDCLK 








I 






! 


! i i 






i ! 




1 

! 






I 1 I 1 

f3| f*| 

1 


r 1 r-j— I r 1 r— 

! 



OE1 



RDEN 



OE2 



Q0-Q17 



OR 



AF/AE 



Don't Care 



Don't Care 



A A A A A 1 A A 

Don't Care 

/x/\/\/x/x. 



Invalid 



I 

Don't Care 



HF C* Don't Care 



IR 



7777777 

Don't Care 



Define the AF/AE Flag Using 
the Default Value of X = Y = 8 



Figure 1. Reset Cycle 
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RESET 



PEN 



WRTCLK 



WRTEN1 



WRTEN2 



~L 



D0-D17 ^999i W1 R£$l W2 RR3 W3 W4 R%W$<| W(X+2) 



W(65-Y) 



RDCLK 



OE1 



RDEN 



OE2 



Q0-Q17 



Invalid 



x 



W1 



1 



OR 



AF/AE 



HF 



IR 



Figure 2. Write Cycle 



T_ 
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RESET 



PEN 



WRTCLK 



WRTEN1 



WRTEN2 



DQ-D17 j W6S 



RDCLK 



OE1 



RDEN 



OE2 



Q0-Q17 



OR 



AF/AE 



HF 



IR 



J-|_p_n 



XIX 



W34 W(64-X] 



)y ^w(65-x)^ m4 y\ W6S 



Figure 3. Read Cycle 
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offset values for AF/AE 

The almost-full/almost-empty flag has two programmable limits: the almost-empty offset value (X) and the 
almost-full offset value (Y). They can be programmed after the FIFO is reset and before the first word is written 
to memory. If the offsets are not programmed, the default values of X = Y = 8 are used. The AF/AE flag is high 
when the FIFO contains X or less words or (64 - Y) or more words. 

Program enable (PEN) should be held high throughout the reset cycle. PEN can be brought low only when IR 
is high and WRTCLK is low. On the following low-to-high transition of WRTCLK, the binar y valu e on D0-D4 is 
stored as the almost-empty offset value (X) and the almost-full offset value (Y). Holding PEN low for another 
low-to-high transition of WRTCLK reprograms Y to the binary value on D0-D4 at the time of the second 
WRTCLK low-to-high transition. When the offsets are being pr ogrammed , writes to the FIFO memory are 
disabled regardless of the state of the write enables (WRTEN1, WRTEN2). A maxi mum value of 31 can be 
programmed for either X or Y (see Figure 4). To use the default values of X = Y = 8, PEN must be held high. 



RESET 




Figure 4. Programming X and Y Separately 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc • -0.5 V to 7 V 

Input voltage, V| 7 V 

Voltage applied to a disabled 3-state output 5.5 V 

Operating free-air temperature range, T^ 0°C to 70°C 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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recommended operating conditions 





ACT7813-15 


ACT7813-20 


ACT7813-25 


ACT7813-40 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


Vcc Supply voltage 


4.5 5.5 


4.5 5.5 


4.5 5.5 


4.5 5.5 


V 


Vm High-level input voltage 


2 


2 


2 


2 


V 


V||_ Low-level input voltage 


0.8 


0.8 


0.8 


0.8 


V 


lOH High-level output current 


Q outputs, Flags 


-8 


-8 


-8 


-8 


mA 


Iql Low-level output current 


Q outputs 


16 


16 


16 


16 


mA 


Flags 


3 


3 


3 


3 


fclock Clock frequency 


67 


50 


40 


25 


MHz 


t w Pulse duration 


WRTCLK high or low 


6 


7 


8 


12 


ns 


RDCLK high or low 


6 


7 


8 


12 


PEN low 


8 


9 


9 


12 


t su Setup time 


DO- D1 7 before 
WRTCLKT 


A 
H 


0 


c 
O 


c 
O 


ns 


WRTEN1, WRTEN2 
before WRTCLKT 


4 


5 


5 


5 


OET.OE2 
before RDCLKT 


5 


5 


6 


6 


RDEN before RDCLKT 


4 


5 


5 


5 


Reset: RESET low 
before first WRTCLKT 
and RDCLKTt 


5 


6 


6 


6 


PEN before WRTCLKT 


5 


6 


6 


6 


th Hold time 


DO- D1 7 after 
WRTCLKT 


0 


0 


0 


0 


ns 


WRTEN1 , WRTEN2 
after WRTCLKT 


0 


0 


0 


0 


OE1.0E2, RDEN 
after RDCLKT 


0 


o 


o 


0 


Reset: RESET low 
after fourth WRTCLKT 
and RDCLKTt 


2 


2 


2 


2 


PEN high 
after WRTCLKl 


0 


0 


0 


0 


PEN low after 
WRTCLKT 


2 


2 


2 


2 


Ta Operating free-air temperature 


0 70 


0 70 


0 70 


0 70 


°C 



TTo permit the clock pulse to be utilized for reset purposes 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt 


MAX 


UNIT 


VOH 


VCC = 4.5V, 


Iqh = - 8 mA 


2.4 


V 


vol 


Flags 


V C C = 4.5V, 


lOL = 8 mA 


0.5 


V 


Q outputs 


VCC = 4-5V, 


IOL = 16mA 


0.5 


ii 


VCC = 5.5V, 


V|=VccorO 


±5 


MA 


ioz 


VCC = 5.5V, 


v O = V CC or o 


±5 


HA 


'cc 


V| = Vcc~0.2VorO 


400 


HA 


AlGC* 


VCC = 5.5V, 


One input at 3.4 V, Other inputs at Vrjc or GND 


1 


mA 


Cj 


V| = 0, 


f = 1 MHz 


4 


PF 


Co 


v 0 = o, 


f=1MHz 


8 


PF 



t All typical values are at Vqq = 5 V, T/\ = 25°C. 

$ This is the supply current for each input that is at one of the specified TTL voltage levels rather than 0 V or Vcc- 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (see Figures 9 and 10) 



PARAMETER 


FROM 


TO 


ACT7813-15 


ACT7813-20 


ACT7813-25 


ACT7813-40 


UNIT 


(INPUT) 


(OUTPUT) 


MIN 


TYPt MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


*max 


WRTCLK or 
RDCLK 




67 


50 


40 


25 


MHz 


tpd 


RDCLKt 


Any Q 


4 


9.5 12 


4 


13 


4 


15 


4 


20 


ns 


tpd§ 


8.5 








tpd 


WRTCLKT 


IR 


3 


8.5 


3 


11 


3 


13 


3 


15 


ns 


tpd 


RDCLKT 


OR 


3 


8.5 


3 


11 


3 


13 


3 


15 


ns 


tpd 


wrtclkT 


AF/AE 


7 


16.5 


7 


19 


7 


21 


7 


23 


ns 


RDCLKT 


7 


17 


7 


19 


7 


21 


7 


23 


tPLH 


WRTCLKT 


HF 


7 


15 


7 


17 


7 


19 


7 


21 


ns 


tPHL 


RDCLKT 


7 


15.5 


7 


18 


7 


20 


7 


22 


tPLH 


RESET low 


AF/AE 


2 


9 


2 


11 


2 


13 


2 


15 


ns 


tPHL 


HF 


2 


10 


2 


12 


2 


14 


2 


16 


ten 


OET.OE2 


AnyQ 


2 


8.5 


2 


11 


2 


11 


2 


11 


ns 


*dis 


2 


9.5 


2 


11 


2 


14 


2 


14 



§ This parameter is measured with a 30-pF load (see Figure 5). 



operating characteristics, Vqc = 5 V, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


TYP 


UNIT 


Cpd Power dissipation capacitance 


Outputs enabled 


C|_ = 50 pF, f = 5 MHz 


53 


PF 
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TYPICAL CHARACTERISTICS 

PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 




typ-2 I 1 1 1 1 1 1 

0 50 100 150 200 250 300 

C|_ - Load Capacitance - pF 
Figure 5 
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TYPICAL CHARACTERISTICS 

calculating power dissipation 

With lcc(f) taken from Figure 6, the maximum power dissipation (Pj) based on ail data outputs changing states 
on each read can be calculated using: 

PT = Vcc x PcC(f) + (N x AI C C x dc)J + 2(C L x V cc 2 x f 0 ) 

A more accurate power calculation based on device use and average number of data outputs switching can be 
found using: 

PT = V C C x [Ice + (N x Al cc x dc)] + X(C pd x V CC 2 x f j) + E(C L x V CC 2 x f 0 ) 
where: 

Ice - power-down Ice maximum 

N = number of inputs driven by a TTL device 

A Ice = increase in supply current 

dc = duty cycle of inputs at a TTL high level of 3.4 V 

C pc j = power dissipation capacitance 

Cl = output capacitive load 

fj = data input frequency 

f 0 = data output frequency 
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CLOCK A 
W/RA 
CSA 



18/ 

A0-A17 -t^ 



APPLICATION INFORMATION 



SN74ACT7813 
> WRTCLK RDCLK< 



WRTEN1 



OE1 



WRTEN2 



D0-D17 



RDEN 
OE2 



Q0-Q17 



SN74ACT7813 
> RDCLK WRTCLK< 
Oil WRTEN1 



RDEN 
OE2 



Q0-Q17 



WRTEN2 



D0-D17 



# 4 



* * 



CLOCK B 

W/RB 

# 4- CSB 



18, 



B0-B17 



Figure 7. Bidirectional Configuration 



WRTCLK 
WRTEN1 

WRTEN2 
D0-D35 



36 y 



IR 



<1 



SN74ACT7813 
> WRTCLK RDCLK 

WRTEN1 



WRTEN2 
IR 



D0-D17 



SN74ACT7813 
> WRTCLK RDCLK< 

WRTEN1 



WRTEN2 
IR 



D0-D17 




RDCLK 



OE1 



OE2 



Q0-Q35 



Figure 8. Word-Width Expansion: 64 x 36 Bits 
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From Output _ 
Under Test 



R|_ = 500 Q 



PARAMETER MEASUREMENT INFORMATION 

Input 

Cl = 50 pF 



3V 



GND 



Output 



N tpd 



3V 



0V 



LOAD CIRCUIT TOTEM-POLE OUTPUTS 

Figure 9. Standard CMOS Outputs (IR, OR, HF, AF/AE) 



From Output 
Under Test 




LOAD CIRCUIT VOLTAGE WAVEFORMS 

ENABLE AND DISABLE TIMES 



PARAMETER 


R1.R2 


C L t 


S1 


ten 


tpZH 


500 Q 


50 pF 


Open 


tPZL 


Closed 


tdis 


tPHZ 


500 Q 


50 pF 


Open 


tPLZ 


Closed 


tpd 


500 Q 


50 pF 


Open 



t Includes probe and test-fixture capacitance 

Figure 10. 3-State Outputs (Any Q) 
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• Member of the Texas Instruments 
Widebus™ Family 

• Free-Running Read and Write Clocks Can 
Be Asynchronous or Coincident 

• Read and Write Operations Synchronized 
to Independent System Clocks 

• Input-Ready Flag Synchronized to Write 
Clock 

• Output-Ready Flag Synchronized to Read 
Clock 

• 256 Words by 18 Bits 

• Low-Power Advanced CMOS Technology 

• Half-Full Flag and Programmable 
Almost-Full/Almost-Empty Flag 

• Bidirectional Configuration and Width 
Expansion Without Additional Logic 

• Fast Access Times of 12 ns With a 50-pF 
Load and All Data Outputs Switching 
Simultaneously 

• Data Rates From 0 to 67 MHz 

• Pin Compatible With SN74ACT7803 and 
SN74ACT7813 

• Packaged in Shrink Small-Outline 300-mil 
Package (DL) Using 25-mil Center-to-Center 
Spacing 

description 



DL PACKAGE 
(TOP VIEW) 



D11 



WRTEN1 



— n 

1 


56 


2 


55 


3 


54 


4 


53 


5 


52 


6 


51 


7 


50 


8 


49 


9 


48 


10 


47 


11 


46 


12 


45 


13 


44 


14 


43 


15 


42 


16 


41 


17 


40 


18 


39 


19 


38 


20 


37 


21 


36 


22 


35 


23 


34 


24 . 


33 


25 


32 


26 


31 


27 


30 


28 


29 



]OE1 
]Q17 
]Q16 
]Q15 

]gnd 



The SN74ACT7805 is a 256-word x 1 8-bit clocked 
FIFO suited for buffering asynchronous data 
paths at 67-MHz clock rates and 12-ns access 
times. Its 56-pin shrink small-outline package (DL) 

offers greatly reduced board space over DIP, PLCC, and conventional SOIC packages. Two devices can be 
configured for bidirectional data buffering without additional logic. Multiple distributed Vcc and GND pins along 
with TPs patented Output Edge Control (OEC™) circuit dampen simultaneous switching noise. 

The write clock (WRTCLK) and read clock (RDCLK) should be free running and can be asynchron ous or 
coincident. Data is written to memory on the rising edge of WRTCLK when W RTEN1 i s high , W RTEN 2 is low, 
and IR is high. Data is read from memory on the rising edge of RDCLK when RDEN, OE1 , and OE2 are low 
and O R is high. The first word written to memory is clocked through to the output buffer regardless of the RDEN, 
OE1 , and OE2 levels. The OR flag indicates that valid data is present on the output buffer. 



The FIFO can be reset asynchronously to WRTCLK and RDCLK. RESET must be asserted while at least four 
WRTCLK and four RDCLK rising edges occur to clear the synchronizing registers. Resetting the FIFO initializes 
the IR, OR, and HF flags low and the AF/AE flag high. The FIFO must be reset upon power up. 

The SN74ACT7805 is characterized for operation from 0°C to 70°C. 



Widebus and OEC are trademarks of Texas Instruments hicorgorated. 



PRODUCTION DATA Information is current as of publication date. H . Copyright © 1992, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments mfm 

standard warranty. Production processing does not necessarily include ▼f'JP Trv a 

testing of all parameters. \f IfcJvrvO 
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logic symbolt 



RESET 
WRTCLK 
WRTEN1 
WRTEN2 

RDCLK 

OET 
Ol2 



RDEN 
PEN 

DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 
D10 
D11 
D12 
D13 
D14 
D15 
D16 
D17 



25 



27 



26 



32 



56 



21 



20 



19 



18 



17 



16 



15 



14 



12 



RESET 
t> WRTCLK 



30 


, 














31 


IS 


23 


IN 



o 

FIFO 256x18 
SN74ACT7805 



& 



WRTEN 



& 



RDCLK 
EN1 



IN RDY 
HALF-FULL 
ALMOST FULL/EMPTY 
OUT RDY 



& 



RDEN 



PROGRAM ENABLE 

3 



17 



| Data ^> | Data^ > 1 V 



17 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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37 
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46 
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48 



49 
51 



53 
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55 



IR 
HF 

AF/AE 
OR 



GO 
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Q2 
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Q8 
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Q11 
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Q13 

Q14 

Q15 
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functional block diagram 



OE1 
OE2 - 

D0-D17 



RDCLK - 



RDEN - 



WRTCLK - 
WRTEN1 ■ 
WRTEN2 - 



RESET - 
PEN- 



Output 
Control 



Synchronous 
Read 
Control 



Synchronous 
Write 
Control 



Reset 
Logic 



n v 



Read 
Pointer 



Write 
Pointer 



Status- 
Flag 
Logic 



-N Location 2 



1 



Location 1 



256x18 RAM 



Location 255 



Location 256 



i2L 



Register 



Q0-Q17 

OR 

IR 

HF 

AF/AE 
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Terminal Functions 



TERMINAL 
NAME NO. 


I/O 


DESCRIPTION 


AF/AE 24 


0 


Almost-full/almost-empty flag. Depth offset values can be programmed for AF/AE, or the default 
value 6f 32 can be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AE 
is high when memory contains X or less words or (256 - Y) or more words. AF/AE is high after 
reset. 


D0-D17 21-14,12-11,9-2 


I 


18-bit data input port 


HF 22 


0 


Half-full flag. HF is high when the FIFO memory contains 128 or more words. HF is low after reset. 


IR 28 


0 


Input-ready flag. IR is synchronized to the low-to-high transition of WRTCLK. When IR is low, the 
FIFO is full and writes are disabled. IR is low during reset and goes high on the second low-to-high 
transition of WRTCLK after reset. 


OET, OE2 56, 30 


I 


Output enables. When OE1 , OE2, and RDEN are low and OR is high, data is read from the FIFO 
on a low-to-high transition of RDCLK. When either OE1 or OE2 is high, reads are disabled and 
the data outputs are in the high-impedance state. 


OR 29 


0 


Output-ready flag. OR is synchronized to the low-to-high transition of RDCLK. When OR is low, 
the FIFO is empty and reads are disabled. Ready data is present on Q0-Q1 7 when OR is high. 
OR is low during reset and goes high on the third low-to-high transition of RDCLK after the first 
word is loaded to empty memory. 


PEN 23 


I 


Program enable. After reset and before the first word is written to the FIFO, the binary value on 
D0-D6 is latched as an AF/AE offset value when PEN is low and WRTCLK is high. 


33-34, 36-38, 
Q0-Q17 40-43,45-49,51, 
53-55 


0 


18-bit data output port. After the first valid write to empty memory, the first word is output on 
Q0 -Q1 7 on the third rising edge of RDCLK. OR is also asserted high at this time to indicate ready 
data. When OR is low, the last word read from the FIFO is present on Q0-Q17. 


RDCLK 32 


I 


Read clock. RDCLK is a continuous clock and can be asynchronous or coincident to WRTCLK. 
A low-to-high transition of RDCLK reads data from memory when OE1 , OE2, and RDEN are low 
and OR is high. OR is synchronous to the low-to-high transition or RDCLK. 


RDEN 31 


I 


Read enable. When RDEN, OE1, and OE2 are low and OR is high, data is read from the FIFO 
on the low-to-high transition of RDCLK. 


RESET 1 


I 


Reset. To reset the FIFO, four low-to-high transitions of RDCLK and four low-to-high transitions 
of WRTCLK must occur while RESET is low. This sets HF, IR, and OR low and AF/AE high. 


WRTCLK 25 


I 


Write clock. WRTCLK is a continuous clock and can be asynchronous or coincident to RDCLK. 
A low-to-high transition of WRTCLK writes data to memory when WRTEN2 is low, WRTEN1 is 
high, and IR is high. IR is synchronous to the low-to-high transition of WRTCLK. 


WRTEN1, 

WRTEN2 ' 


I 


Write enables. When WRTEN1 is high, WRTEN2 is low, and IR is high, data is written to the FIFO 
on a low-to-high transition of WRTCLK. 
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RESET 




I 

Define the AF/AE Flag Using the 
Default Value of X = Y = 32 



Figure 1 . Reset Cycle 
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RESET 



PEN 



WRTCLK 



WRTEN1 



WRTEN2 



do-di7 399% wi R£fl w2 $9i wa t%$ w4 w ^ 2 ) 



W(257-Y) 



RDCLK 



OE1 



RDEN 



OE2 



Q0-Q17 



OR 



AF/AE 



HF 



IR 



1 



jrLjii^jfi^jfL 




T_ 



Figure 2. Write 
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RESET 



PEN 



WRTCLK 



WRTEN1 



run. 




D0-D17 jw257f 



RDCLK 



OE1 



RDEN 



OE2 



Q0-Q17 



XIX 



OR 



I 



AF/AE | 

I 



HF 



IR 



~L 



W(Yt1)XW(Yt2) ( W129XW130 W(256-X)Xw(257-X) W256 )C 

Vj r ^ — SS — \ x vj — f ^- — S'r—' x 



Figure 3. Read 
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offset values for AF/AE 

The almost-full/almost-empty flag has two programmable limits: the almost-empty offset value (X) and the 
almost-full offset value (Y). They can be programmed after the FIFO is reset and before the first word is written 
to memory. If the offsets are not programmed, the default values of X = Y = 32 are used. The AF/AE flag is high 
when the FIFO contains X or less words or (256 - Y) or more words. 

Program enable (PEN) should be held high throughout the reset cycle. PEN can be brought low only when IR 
is high and WRTCLK is low. On the following low-to-high transition of WRTCLK, the binar y valu e on D0-D6 is 
stored as the almost-empty offset value (X) and the almost-full offset value (Y). Holding PEN low for another 
low-to-high transition of WRTCLK reprograms Y to the binary value on D0-D6 at the time of the second 
WRTCLK low-to-high transition. When the offsets are being pr ogrammed , writes to the FIFO memory are 
disabled regardless of the state of the write enables (WRTEN1 , WRTEN2). A maxim um v alue of 127 can be 
programmed for either X or Y (see Figure 4). To use the default values of X = Y = 32, PEN must be held high. 



RESET 




Figure 4. Programming X and Y Separately 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, V C c • ■ -0.5 V to 7 V 

Input voltage, V| 7 V 

Voltage applied to a disabled 3-state output 5.5 V 

Operating free-air temperature range, T^ 0°C to 70°C 

Storage temperature range . . . -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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recommended operating conditions 





ACT7805-15 


'ACT7805-20 


ACT7805-25 


'ACT7805-40 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


Vcc Supply voltage 


4.5 5.5 


4.5 5.5 


4.5 5.5 


4.5 5.5 


V 


Vm High-level input voltage 


2 


2 


2 


2 


V 


V||_ Low-level input voltage 


0.8 


0.8 


0.8 


0.8 


V 


lOH High-level output current 


Q outputs, Flags 


-8 


-8 


-8 


-8 


mA 


Iql Low-level output current 


Q outputs 


16 


16 


16 


16 


mA 


Flags 


8 


8 


8 


8 


fclock Clock frequency 


67 


50 


40 


25 


MHz 


t w Pulse duration 


WRTCLK high or low 


6 


7 


8 


12 


ns 


RDCLK high or low 


6 


7 


8 


12 


PEN low 


8 


9 


9 


12 


t su Setup time 


DO -D1 7 before 
WRTCLKt 


4 


5 


5 


5 


ns 


WRTEN1, WRTEN2 
before WRTCLKt 


4 


5 


5 


5 


OET.OE2 
before RDCLKt 


5 


5 


6 


6 


RDEN before RDCLKT 


4 


5 


5 


5 


Reset: RESET low 
before first WRTCLKt 
and RDCLKtt 


5 


6 


6 


6 


PEN before WRTCLKt 


5 


6 


6 


6 


Define AF/AE: PEN 
before WRTCLKt 


5 


6 


6 


6 


t n Hold time 


D0-D17)after 
WRTCLKt 


0 


0 


0 


0 


ns 


WRTEN1, WRTEN2 
after WRTCLKt 


0 


0 


0 


0 


OE1.0E2, RDEN 
after RDCLKt 


0 


0 


0 


0 


Reset: RESET low 
after fourth WRTCLKt 
and RDCLKtt 


2 


2 


2 


2 


Define AF/AE: PEN 
after WRTCLKt 


2 


2 


2 


2 


Ta Operating free-air temperature 


0 70 


0 70 


0 70 


0 70 


°C 



tTo permit the clock pulse to be utilized for reset purposes 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt 


MAX 


UNIT 


VOH 


VCC - 4.5 V, 


lOH = -8 ™A 


2.4 


V 


vol 


Flags 


V C C = 4.5V, 


lOL = 8 mA 


0.5 


V 


Q outputs 


V C C = 4.5V, 


IOL = 16mA 


0.5 


ii 


V C C = 5.5V, 


Vj = Vcc or 0 


±5 


HA 


ioz 


VCC = 5.5V, 


v O = Vqc or 0 


±5 


MA 


'cc 


V| = Vcc~0.2VorO 


400 


ma 


Alec* 


V C C = 5.5V, 


One input at 3.4 V, Other inputs at Vcc or GND 


1 


mA 


Cj 


V| = 0, 


f=1 MHz 


4 


PF 


Co 


v 0 = o, 


f-1'MHz 


8 


PF 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

t This is the supply current for each input that is at one of the specified TTL voltage levels rather than 0 V or Vcc- 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figures 9 and 10) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


ACT7805-15 


ACT7805-20 


ACT7805-25 


ACT7805-40 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


MIN MAX 


fmax 


WRTCLK or 
RDCLK 




67 


50 


40 


25 


MHz 


tpd 


RDCLKT 


AnyQ 


4 9.5 12 


4 13 


4 15 


4 20 


ns 


tpd§ 


8.5 








tpd 


WRTCLKt 


IR 


3 8.5 


3 11 


3 13 


3 15 


ns 


tpd 


RDCLKT 


OR 


3 8.5 


3 11 


3 13 


3 15 


ns 


tpd 


WRTCLKT 


AF/AE 


7 16.5 


7 19 


7 21 


7 23 


ns 


RDCLKT 


7 17 


7 19 


7 21 


7 23 


tPLH 


WRTCLKT 


HF 


7 15 


7 17 


7 19 


7 21 


ns 


tPHL 


RDCLKT 


7 15.5 


7 18 


7 20 


7 22 


tPLH 




AF/AE 


2 9 


2 11 


2 13 


2 15 


ns 


tPHL 


RESET low 


HF 


2 10 


2 12 


2 14 


2 16 


ten 


OET.OE2 


AnyQ 


2 8.5 


2 11 


2 11 


2 11 


ns 


tdis 


2 9.5 


2 11 


2 14 


2 14 


§ This parameter is measured with a 30-pF load (see Figure 5). 

operating characteristics, Vqc = 5 V, = 25°C 


PARAMETER 


TEST CONDITIONS 


TYP 


UNIT 


Cpd Power dissipation capacitance per FIFO channel Outputs enabled 


C|_ = 50 pF, f = 5 MHz 


53 


PF 
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TYPICAL CHARACTERISTICS 



PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 



typ + 8 



E 



Q 



vcc 
-t a = 

R L = 


= 5V 










25°C 
500 Q 











































































































0 50 100 150 200 250 300 
C|_ - Load Capacitance - pF 
Figure 5 
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TYPICAL CHARACTERISTICS 

calculating power dissipation 

With lcc(f) taken from Figure 6, the maximum power dissipation (Pj) based on ail data outputs changing states 
on each read can be calculated using: 

PT = V cc x [l CC(f) + (N x AI C C x Clc)] + Z(C L x V cc 2 x f 0 ) 

A more accurate power calculation based on device use and average number of data outputs switching can be 
found using: 

PT = Vcc x HCC + (N x AI CC x dc)] + E(C pd x V CC 2 x fj) + Z(C L x V CC 2 x f 0 ) 
where: 

Ice = power-down Ice maximum 

N = number of inputs driven by a TTL device 

A Ice = increase in supply current 

dc = duty cycle of inputs at a TTL high level of 3.4 V 

C pc j = power dissipation capacitance 

C[_ = output capacitive load 

fj = data input frequency 

f 0 = data output frequency 
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CLOCK A 
W/RA 
CSA 



A0-A17 / 



APPLICATION INFORMATION 



SN74ACT7805 
" WRTCLK RDCLK< 



WRTEN1 



0E1 



WRTEN2 



D0-D17 



RDEN 
OE2 



Q0-Q17 



> RDCLK 
OE1 



SN74ACT7805 



WRTCLK< 
WRTEN1 



RDEN 
OE2 



Q0-Q17 



WRTEN2 



D0-D17 



Figure 7. Bidirectional Configuration 



CLOCK B 

W/RB 

CSB 



18/ 

» / B0-B17 



WRTCLK 
WRTEN1 



WRTEN2 



D0-D35 



IR 



36, 



SN74ACT7805 
t> WRTCLK RDCLK < 

WRTEN1 



WRTEN2 
IR 



D0-D17 



SN74ACT7805 
> WRTCLK RDCLK< 

WRTEN1 



WRTEN2 
IR 



D0-D17 




Q0-Q17 



RDCLK 



0E1 



0E2 



Q0-Q35 



Figure 8. Word-Width Expansion: 256 x 36 Bits 
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From Output _ 
Under Test 



RL = 500 Q 



PARAMETER MEASUREMENT INFORMATION 

Input 

Cl = 50 pF 



1.5 V 



3V 
GND 



I 



Output 



tpd 

V f— 3V 

1.5 V 

0V 



LOAD CIRCUIT TOTEM-POLE OUTPUTS 

Figure 9. Standard CMOS Outputs (IR, OR, HF, AF/AE) 



From Output 
Under Test 




LOAD CIRCUIT VOLTAGE WAVEFORMS 

ENABLE AND DISABLE TIMES 



PARAMETER 


R1, R2 


c L t 


S1 


ten 


tpZH 


500 Q, 


50 pF 


Open 


tpZL 


Closed 


*dis 


*PHZ 


500 ft 


50 pF 


Open 


tPLZ 


Closed 


tpd 


500 Q 


50 pF 


Open 



t Includes probe and test-fixture capacitance 

Figure 10. 3-State Outputs (Any Q) 
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DL PACKAGE 
(TOP VIEW) 



• Member of the Texas Instruments 
Widebus™ Family 

• Free-Running Read and Write Clocks Can 
Be Asynchronous or Coincident 

• Read and Write Operations Synchronized 
to Independent System Clocks 

• Input-Ready Flag Synchronized to Write 
Clock 

• Output-Ready Flag Synchronized to Read 
Clock 

• 512 Words by 18 Bits 

• Low-Power Advanced CMOS Technology 

• Half-Full Flag and Programmable 
Almost-Full/Almost-Empty Flag 

• Bidirectional Configuration and Width 
Expansion Without Additional Logic 

• Fast Access Times of 12 ns With a 50-pF 
Load and All Data Outputs Switching 
Simultaneously 

• Data Rates From 0 to 67 MHz 

• Pin Compatible With SN74ACT7805 and 
SN74ACT7813 

• Available in Shrink Small-Outline 300-mil 
(DL) Package Using 25-mil Center-to-Center 
Spacing 

description 

The SN74ACT7803 is a 512-word x 18-bit FIFO 
suited for buffering asynchronous data paths at 
67-MHz clock rates and 12-ns access times. Its 
56-pin shrink small-outline package (DL) offers 

greatly reduced board space over DIP, PLCC, and conventional SOIC packages. Two devices can be configured 
for bidirectional data buffering without additional logic. Multiple distributed Vrjc and GND pins along with Tl's 
patented output-edge-control (OEC™) circuit dampen simultaneous switching noise. 

The write clock (WRTCLK) and read clock (RDCLK) should be free running and can be asynchron ous or 
coincident. Data is written to memory on the rising edge of WRTCLK when W RTEN1 i s high , W RTEN 2 is low, 
and IR is high. Data is read from memory on the rising edge of RDCLK when RDEN, OE1 , and OE2 are low 
and O R is high. The first word written to memory is clocked through to the output buffer regardless of the RDEN, 
OE1 , and OE2 levels. The OR flag indicates that valid data is present on the output buffer. 





D 






RESET [ 


1 


56 


]OET 


D17[ 


2 


55 


]Q17 


D16[ 


3 


54 


]Q16 


D15 [ 


4 


53 


]Q15 


D14[ 


5 


52 


]gnd 


D13[ 


6 


51 


]Q14 


D12 [ 


7 


50 


]v C c 


D11 [ 


8 


49 


]Q13 


D10 [ 


9 


48 


]Q12 


Vcct 


10 


47 


]Q11 


D9[ 


11 


46 


]Q10 


D8[ 


12 


45 


]Q9 


GND [ 


13 


44 


]gnd 


D7[ 


14 


43 


]Q8 


D6[ 


15 


42 


]Q7 


D5[ 


16 


41 


]Q6 


D4[ 


17 


40 


]Q5 


D3[ 


18 


39 


]v C c 


D2 [ 


19 


38 


] Q4 


D1 [ 


20 


37 


]Q3 


D0[ 


21 


36 


]Q2 


hf[ 


22 


35 


] GND 


PEN [ 


23 


34 


]Q1 


AF/AE [ 


24 


33 


]Q0 


WRTCLK [ 


25 


32 


] RDCLK 


WRTEN2 [ 


26 


31 


] RDEN 


WRTEN1 [ 


27 


30 


]OE2 


IR[ 


28 


29 


]OR 



The FIFO can be reset asynchronously to WRTCLK and RDCLK. RESET must be asserted while at least four 
WRTCLK and four RDCLK rising edges occur to clear the synchronizing registers. Resetting the FIFO initializes 
the IR, OR, and HF flags low and the AF/AE flag high. The FIFO must be reset upon power up. 

The SN74ACT7803 is characterized for operation from 0°C to 70°C. 



Wide bus a n d O EC are trademarks of Texas Instruments hjcorgorated. 



production data information is current as of publication date. B Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments J/i 

standard warranty. Production processing does not necessarily include "W# TVxr a 

testing of all parameters. j\f 1EXAS 
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logic symbolt 



RESET 
WRTCLK 
WRTEN1 
WRTEN2 

RDCLK 

OE1 
OE2 



RDEN 
PEN 

DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 
D10 
D11 
D12 
D13 
D14 
D15 
D16 
D17 



25 



27 



26 



32 



56 



21 



20 



19 



18 



17 



16 



15 



14 



12 



11 



RESET 
t> WRTCLK 



30 


— < 














31 


rs 


23 


N 



o 

FIFO 512x18 
SN74ACT7803 



WRTEN 



p> RDCLK 
EN1 



& 



IN RDY 
HALF-FULL 
ALMOST FULL/EMPTY 
OUT RDY 



& 



RDEN 



PROGRAM ENABLE 



17 



I Data^ > | Data ^> 



1V 



17 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 



28 



22 



24 



29 



33 



34 



37 



38 



40 



41 



42 



43 



45 



46 



47 



48 



49 
51 



53 



54 



55 



IR 
HF 

AF/AE 
OR 



QO 

Q1 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 

Q8 

Q9 

Q10 

Q11 

Q12 

Q13 

Q14 

Q15 

Q16 

Q17 
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functional block diagram 



OE1 
OE2 

D0-D17 



RDCLK 



RDEN 



WRTCLK 
WRTEN1 
WRTEN2 



RESET 
PEN " 



Output 
Control 



Synchronous 
Read 
Control 



Synchronous 
Write 
Control 



Reset 
Logic 



Read 
Pointer 



Write 
Pointer 



Status- 
Flag 
Logic 



-\ Location 2 



1 



2 



Location 1 



512x18 RAM 



V Location 511 



Location 512 



^2L 



Register 




Q0-Q17 

OR 

IR 

HF 

AF/AE 
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Terminal Functions 



TERMINAL 
NAME NO. 


I/O 


DESCRIPTION 


AF/AE 24 


0 


Almost-full/almost-empty flag. Depth-offset values can be programmed for AF/AE, or the default 
value of 64 can be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AE is 
high when memory contains X or less words or (512 - Y) or more words. AF/AE is high after reset. 




I 


The 18-bit data input port 


HF 22 


o 


Half-full flag. HF is high when the FIFO memory contains 256 or more words. HF is low after reset. 


IR 28 


0 


Input-ready flag. IR is synchronized to the low-to-high transition of WRTCLK. When IR is low, the 
FIFO is full and writes are disabled. IR is low during reset and goes high on the second low-to-high 
transition of WRTCLK after reset. 


OET, OE2 56, 30 


I 


Output enables. When OE1 , OE2, and RDEN are low and OR is high, data is read from the FIFO on 
a low-to-high transition of RDCLK. When either OE1 or OE2 is high, reads are disabled and the data 
outputs are in the high-impedance state. 


OR 29 


0 


Output-ready flag. OR is synchronized to the low-to-high transition of RDCLK. When OR is low, the 
FIFO is empty and reads are disabled. Ready data is present on Q0-Q17 when OR is high. OR is 
low during reset and goes high on the third low-to-high transition of RDCLK after the first word is 
loaded to empty memory. 


PEN 23 


I 


Program enable. After reset and before the first word is written to the FIFO, the binary value on 
D0-D7 is latched as an AF/AE offset value when PEN is low and WRTCLK is high. 


33-34, 36-38, 
Q0-Q17 40-43,45-49, 
51,53-55 


0 


The 1 8-bit data output port. After the first valid write to empty memory, the first word is output on 
Q0-Q17 on the third rising edge of RDCLK. OR is also asserted high at this time to indicate ready 
data. When OR is low, the last word read from the FIFO is present on Q0-Q17. 


RDCLK 32 


I 


Read clock. RDCLK is a continuous clock and can be asynchronous or coincident to WRTCLK. A 
low-to-high transition of RDCLK reads data from memory when OE1 , OE2, and RDEN are low and 
OR is high. OR is synchronous to the low-to-high transition of RDCLK. 


RDEN 31 


I 


Read enable. When RDEN, OE1 , and OE2 are low and OR is high, data is read from the FIFO on 
the low-to-high transition of RDCLK. 


RESET 1 


I 


Reset. To reset the FIFO, four low-to-high transitions of RDCLK and four low-to-high transitions of 
WRTCLK must occur while RESET is low. This sets HF, IR, and OR low and AF/AE high. 


WRTCLK 25 


I 


Write clock. WRTCLK is a continuous clock and can be asynchronous or coincident to RDCLK. A 
low-to-high transition of WRTCLK writes data to memory when WRTEN2 is low, WRTEN1 is high, 
and IR is high. IR is synchronous to the low-to-high transition of WRTCLK. 


WRTEN1, 

WRTEN2 27 ' 26 


I 


Write enables. When WRTEN1 is high, WRTEN2 is low, and IR is high, data is written to the FIFO 
on a low-to-high transition of WRTCLK. 
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RESET 




Define the AF/AE Flag Using the 
Default Value of X = Y = 64 

Figure 1. Reset Cycle 
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RESET 



PEN 



WRTCLK 




D0-D17 W1 W2 R£3 W3 t£53 W4 



RDCLK 



OE1 



RDEN 



OE2 



Q0-Q17 



Invalid 



x 



W1 



OR 



AF/AE 



HF 



IR 



Figure 2. Write Cycle 
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RESET 



PEN 



WRTCLK 



WRTEN1 




D0-D17 } W513 [ 



RDCLK 



OE1 



RDEN 



OE2 



Q0-Q17 



XiX 



OR 



AF/AE 



HF I 



IR 



~L 



fi^ v _ru i _TU H _n_f^ 



— v — ^v— \> — w — v — w — s^- 

W(Y+1) Xw(Y+2) W257XW258 W(512-X)XW(513-X) W512^C 

t j f ^ — v — \ N 'n 1 x - — SS f x " 



Figure 3. Read Cycle 
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offset values for AF/AE 

The almost-full/almost-empty flag has two programmable limits: the almost-empty offset value (X) and the 
almost-full offset value (Y). They can be programmed after the FIFO is reset and before the first word is written 
to memory. If the offsets are not programmed, the default values of X = Y = 64 are used. The AF/AE flag is high 
when the FIFO contains X or less words or (512 - Y) or more words. 

* Program enable (PEN) should be held high throughout the reset cycle. PEN can be brought low only when IR 
is high and WRTCLK is low. On the following low-to-high transition of WRTCLK, the binar y valu e on D0-D7 is 
stored as the almost-empty offset value (X) and the almost-full offset value (Y). Holding PEN low for another 
low-to-high transition of WRTCLK reprograms Y to the binary value on D0-D7 at the time of the second 
WRTCLK low-to-high transition. When the offsets are being pr ogrammed , writes to the FIFO memory are 
disabled regardless of the state of the write enables (WRTEN1 , WRTEN2). A maxim um v alue of 255 can be 
programmed for either X or Y (see Figure 4). To use the default values of X = Y = 64, PEN must be held high. 



RESET 



WRTCLK 



PEN 



D0-D7 



XandYX Y 



IR 



WRTEN1 



WRTEN2 



Figure 4. Programming X and Y Separately 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vqc V to 7 V 

Input voltage, Vj 7 V 

Voltage applied to a disabled 3-state output 5.5 V 

Operating free-air temperature range, T^ 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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recommended operating conditions 





'ACT7803-15 


ACT7803-20 


ACT7803-25 


ACT7803-40 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


Vqc Supply voltage 


4.5 5.5 


4.5 5.5 


4.5 5.5 


4.5 5.5 


V 


Vm High-level input voltage 


2 


2 


2 


2 


V 


V||_ Low-level input voltage 


0.8 


0.8 


0.8 


0.8 


V 


lOH High-level output current 


Q outputs, Flags 


-8 


-8 


-8 


-8 


mA 


Iql Low-level output current 


Q outputs 


16 


16 


16 


16 


mA 


Flags 


8 


8 


8 


8 


fclock clock frequency 


67 


50 


40 


25 


MHz 


t w Pulse duration 


WRTCLK high or low 


6 


7 


8 


12 


ns 


RDCLK high or low 


6 


7 


8 


12 


PEN low 


8 


9 


9 


12 


t su Setup time 


DO- D1 7 before 
WRTCLKt 


4 


5 


5 


5 


ns 


WRTEN1 , WRTEN2 
before WRTCLKT 


4 


5 


5 


5 


OET.OE2 
before RDCLK? 


5 


5 


6 


6 


RDEN before RDCLKT 


4 


5 


5 


5 


Reset: RESET low 
before first WRTCLKT 
and RDCLKTt 


5 


6 


6 


6 


PEN before WRTCLKT 


5 


6 


6 


6 


t n Hold time 


D0-D17 after 
WRTCLKT 


0 


0 


0 


0 


ns 


WRTEN1, WRTEN2 
after WRTCLKT 


0 


0 


0 


0 


OE1.0E2, RDEN 
after RDCLKT 


0 


0 


0 


0 


Reset: RESET low 
after fourth WRTCLKT 
and RDCLKTt 


2 


2 


2 


2 


PEN high 
after WRTCLKi 


0 


0 


0 


0 


PEN low after 
WRTCLKT 


2 


2 


2 


2 


Ta Operating free-air temperature 


0 70 


0 70 


0 70 


0 70 


°c 



t To permit the clock pulse to be utilized for reset purposes 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt 


MAX 


UNIT 


VOH 


VCC = 4.5V, 


Iqh = " 8 mA 


2.4 




vol 


Flags 


VCC = 4.5 V, 


Iql = 8 mA 


0.5 


V 


Q outputs 


V C C = 4.5V, 


Iql= 16 mA 


0.5 




ii 


V C C - 5.5 V, 


V|=V C corO 


±5 


UA 


ioz 


V C C = 5.5V, 


v O =Vcc or 0 


±5 


MA 


ice 


V| = Vcc-0.2VorO 


400 


ma 


AlCG* 


V C C = 5.5V, 


One input at 3.4 V, Other inputs at Vcc or G ND 


1 


mA 


Cj 


V| = 0, 


f=1MHz 


4 


PF 


C 0 


Vq = 0, 


f=1 MHz 


8 


PF 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

$ This is the supply current for each input that is at one of the specified TTL voltage levels rather than 0 V or Vcc- 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figures 9 and 10) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


ACT7803-15 


ACT7803-20 


ACT7803-25 


'ACT7803-40 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


MIN MAX 


*max 


WRTCLK or 
RDCLK 




67 


50 


40 


25 


MHz 


tpd 


RDCLKT 


Any Q 


4 9.5 12 


4 13 


4 15 


4 20 


ns 


tpd§ 


8.5 








tpd 


WRTCLKT 


IR 


3 8.5 


3 11 


3 13 


3 15 


ns 


tpd 


rdclkT 


OR 


3 8.5 


3 11 


3 13 


3 15 


ns 


tpd 


WRTCLKT 


AF/AE 


7 16.5 


7 19 


7 21 


7 23 


ns 


tpd 


RDCLKT 


AF/AE 


7 17 


7 19 


7 21 


7 23 


ns 


tPLH 


WRTCLKT 


HF 


7 15 


7 17 


7 19 


7 21 


ns 


tPHL 


RDCLKT 


7 15.5 


7 18 


7 20 


7 22 


tPLH 




AF/AE 


2 9 


2 11 


2 13 


2 15 


ns 


tPHL 


RESET low 


HF 


2 10 


2 12 


2 14 


2 16 


ten 


OET.OE2 


Any Q 


2 8.5 


2 11 


2 11 


2 11 


ns 


tdis 


2 9.5 


2 11 


2 14 


2 14 


§ This parameter is measured with a 30-pF load (see Figure 5). 

operating characteristics, Vcc = 5 V, Ta = 25°C 


PARAMETER 


TEST CONDITIONS 


TYP 


UNIT 


Cpd Power dissipation capacitance Outputs enabled 


Cl = 50 pF, f = 5 MHz 


53 


PF 
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TYPICAL CHARACTERISTICS 

PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 




typ-2 I 1 1 1 1 1 1 

0 50 100 150 200 250 300 

C|_ - Load Capacitance - pF 
Figure 5 



SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 

200 1 1 1 1 1 r 




0 10 20 30 40 50 60 70 
fdock - Clock Frequency - MHz 
Figure 6 
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TYPICAL CHARACTERISTICS 

calculating power dissipation 

With lcc(f) taken from Figure 6, the maximum power dissipation (Pj) based on all data outputs changing states 
on each read can be calculated by: 

Pt = V C C(f) x [lcC(f) + (N x Al cc x dc)] + 2(C L x V C c 2 x f 0 ) 

A more accurate power calculation based on device use and average number of data outputs switching can be 
found by: 

PT = V C C x DCC(I) + (N x AI CC x dc)] + E(C pd x V CC 2 x fj) + Z(C L x V CC 2 x f 0 ) 
where: 

lcc(i) = idle Ice maximum (see Figure 7) 

N = number of inputs driven by a TTL device 

A Ice = increase in supply current 

dc = duty cycle of inputs at a TTL high level of 3.4 V 

Cpd = power dissipation capacitance 

Cl = output capacitive load 

fi = data input frequency 

f 0 = data output frequency 




o' l- ' — ' 1 ' 1 1 

0 10 20 30 40 50 60 70 

f - Frequency - MHz 



Figure 7. SN74ACT7803 Idle l C c With RDCLK or WRTCLK Switching 
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APPLICATION INFORMATION 



CLOCK A 
W/RA 
CSA 



A0-A17 



18, 



> WRTCLK 
WRTEN1 



SN74ACT7803 



RDCLK< 
OE1 



WRTEN2 



D0-D17 



RDEN 
OE2 



Q0-Q17 



SN74ACT7803 
RDCLK WRTCLK - 



OET 



WRTEN1 



RDEN 
OE2 



Q0-Q17 



WRTEN2 



D0-D17 



CLOCK I 

W/RB 

CSB 



18, 

-7^— B0-B17 



Figure 8. Bidirectional Configuration 



WRTCLK 
WRTEN1 

WRTEN2 
D0-D35 



IR 



36, 



SN74ACT7803 
> WRTCLK RDCLK < 

WRTEN1 



WRTEN2 
IR 



D0-D17 



SN74ACT7803 
f> WRTCLK RDCLK< 

WRTEN1 



WRTEN2 
IR 



D0-D17 



Q0-Q17 



RDCLK 




Figure 9. Word-Width Expansion: 512 x 36 Bits 
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PARAMETER MEASUREMENT INFORMATION 

3V 



Input / \ 1.5 V 

From Output ^ ^ 

Under Test ] |^ j 

tpd~f ^ 



QND 

I 



R L = 500fi £ ^ CL = 50pF P 1 j W "tpd 



Output 



1 3V 

ov 



LOAD CIRCUIT TOTEM-POLE OUTPUTS 

Figure 10. Standard CMOS Outputs (IR, OR, HF, AF/AE) 



From Output 
Under Test 




LOAD CIRCUIT VOLTAGE WAVEFORMS 

ENABLE AND DISABLE TIMES 



PARAMETER 


R1,R2 


C L t 


S1 


*en 


tpZH 


500 Q 


50 pF 


Open 


tpZL 


Closed 


*dis 


tPHZ 


500 Q, 


50 pF 


Open 


tPLZ 


Closed 


tpd 


500 CI 


50 pF 


Open 



t Includes probe and test-fixture capacitance 

Figure 11. 3-State Outputs (Any Q) 
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Member of the Texas Instruments • 
Wldebus™ Family * 

Free-Running CLKA and CLKB Can Be 
Asynchronous or Coincident # 

Read and Write Operations Synchronized 

to Independent System Clocks 

Two Separate 512 x 18 Clocked FIFOs • 

Buffering Data In Opposite Directions # 

IRA and ORA Synchronized to CLKA # 

IRB and ORB Synchronized to CLKB 



PH PACKAGE 
(TOP VIEW) 



) § z w _j lu gc o Q gc 



Microprocessor Interface Control Logic 
Programmable Almost-Full/Almost-Empty 
Flags 

Fast Access Times of 9 ns With a 50-pF 
Load and Simultaneous Switching Data 
Outputs 

Data Rates up to 80 MHz 
Advanced BiCMOS Technology 
Available in 80-Pin Quad Flat (PH) and 
Space-Saving 80-Pin Thin Quad Flat (PN) 
Packages 



CO CD. £9 _ GQ 
111 -J !ijZ'^ (0 

or o £o ^ b 





fO 80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 






RSTAC 


1 


64 


2 


RSTB 


PENAC 


2 


63 


2 


PENB 


AF/AEA C 


3 


62 


2 


AF/AEB 


HFAC 


4 


61 


2 


HFB 


irac 


5 


60 


2 


IRB 


gndc 


6 


59 


2 


GND 


AOC 


7 


58 


2 


B0 


A1C 


8 


57 


2 


B1 


VccC 


9 


56 


2 


Vcc 


A2 C 


10 


55 


2 


B2 


A3 C 


11 


54 


2 


B3 


GNDC 


12 


53 


2 


GND 


A4 C 


13 


52 


2 


B4 


A5 C 


14 


51 


2 


B5 


GNDC 


15 


50 


2 


GND 


A6 C 


16 


49 


2 


B6 


A7 C 


17 


48 


2 


B7 


GNDC 


18 


47 


2 


GND 


A8 C 


19 


46 


2 


B8 


A9 C 


20 


45 


2 


B9 


Vcc^ 


21 


44 


2 


Vcc 


A10C 


22 


43 


2 


B10 


A11 C 


23 


42 


2 


B11 


GNDC 


24 


41 


2 


GND 




L 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 


> 







CM CO W Q<DNS CO Q m «T Q 00 C\J 

t-y- Ot-t---s»t-i— t-t-^t-t- Ot-t- 

<<><<g<<mm§cQcQ:>oQco 
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PN PACKAGE 
CTOP VIEW) 



AF/AEA 
HFA 
IRA 
GND 
AO 
A1 

V C C 
A2 
A3 

GND 
A4 
A5 

GND 
A6 
A7 

GND 
A8 
A9 

V C C 
A10 



• 

] 1 
12 
]3 
] 
] 
] 
] 
] 
] 
] 
] 
] 
] 
] 
] 
] 
] 
] 
] 



£rlo£o£occo£r£?0 
i ii ii ii — ii ii — ii — ii — ii — ii — ii ii ii — ii — i 



CO CD S ^ CD, 

z 2 Wi Q lir co 

LU J ^ z '^ b 

cc o ^ CD 5 b 



CO 



CD 



80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 



60 C 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 a 

42 
41 



21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 

nnnnnnnnnnnnnnnnnnnn 



AF/AEB 

HFB 

IRB 

GND 

B0 

B1 

V C C 

B2 

B3 

GND 

B4 

B5 

GND 

B6 

B7 

GND 

B8 

B9 

V C C 
B10 



t- Q CM CO O^WQ(DSS<DQW^ O CO C\J Q t- 

<§<<><< ^<<£ 5^55>EE££ 



CD 



' a 



CD 



description 



A FIFO memory is a storage device that allows data to be read from its array in the same order it is written. The 
SN74ABT7819 is a high-speed, low-power BiCMOS bidirectional clocked FIFO memory. Two independent 
512 x 18 dual-port SRAM FIFOs on board the chip buffer data in opposite directions. Each FIFO has flags to 
indicate empty and full conditions, a half-full flag, and a programmable almost-full/almost-empty flag. 

The SN74ABT7819 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable 
signals. The continuous clocks for each port are independent of one another and can be asynchronous or 
coincident. The enables for each port are arranged to provide a simple bidirectional interface between 
microprocessors and/or buses with synchronous control. 

The state of the AO- A1 7 outputs is controlled by CSA and W/RA. When both CS A and W/RA are low, the outputs 
are active. The A0-A17 outputs are in the high-impedance state when eit her C SA or W/RA is high. Data is 
written to FIFOA-B from port A on the low-to-high transition of CLKA when CSA is low, W/RA is high, WEN A 
is high, and the IRA f lag is highJData is read from FIFOB-A to the A0-A1 7 outputs on the low-to-high transition 
of CLKA when CSA is low, W/RA is low, RENA is high, and the ORA flag is high. 
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description (continued) 

The state of the BO- B1 7 outputs is controlled by CSB and W/RB. When both CSB and W/RB are low, the outputs 
are active. The B0-B17 outputs are in the high-impedance state when eit her C SB or W/RB is high. Data is 
written to FIFOB-A from port B on the low-to-high transition of CLKB when CSB is low, W/RB is high, WENB 
is high, and the I RB f lag is highJData is read from FIFOA-B to the B0-B1 7 outputs on the low-to-high transition 
of CLKB when CSB is low, W/RB is low, RENB is high, and the ORB flag is high. 

The setup- and hold-time constraints for the chip selects (CSA, CSB) and write/read selects (W/RA, W/RB) 
enable write and read operations on memory and are not related to the high-impedance control of the data 
outputs. If a port read enable (RENA or RENB) and write enable (WENA or WENB) are set low during a clock 
cycle, the chip select and write/read select can switch at any time during the cycle to change the state of the 
data outputs. 

The input-ready and output-ready flags of a FIFO are two-stage synchronized to the port clocks for use as 
reliable control signals. CLKA synchronizes the status of the input-ready flag of FIFOA-B (IRA) and the 
output-ready flag of FIFOB-A (ORA). CLKB synchronizes the status of the input-ready flag of FIFOB-A (IRB) 
and the output-ready flag of FIFOA-B (ORB). When the input-ready flag of a port is low, the FIFO receiving input 
from the port is full and writes are disabled to its array. When the output-ready flag of a port is low, the FIFO that 
outputs data to the port is empty and reads from its memory are disabled. The first word loaded to an empty 
memory is sent to the FIFO output register at the same time its output-ready flag is asserted (high). When the 
memory is read empty and the output-ready flag is forced low, the last valid data remains on the FIFO outputs 
until the output-ready flag is asserted (high) again. In this way, a high on the output-ready flag indicates new 
data is present on the FIFO outputs. 

The SN74ABT7819 is characterized for operation from 0°C to 70°C. 
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logic symbolt 



CLKA 



CSA 
W/RA 



76 



80 



_ 79 



WENA 



RENA 
RSTA 



PENA 

IRA 
ORA 
HFA 
AF/AEA 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
A11 
A12 
A13 
A14 
A15 
A16 
A17 



77 



75 



74 



10 



13 



14 



16 



17 



19 



20 



22 



23 



25 



26 



28 



29 



31 



32 



CLOCK A 



FIFO 512x18x2 
SN74ABT7819 



CLOCK B 



OE1 



OE2 



WRITE 

ENABLE 

FIFOA-B 

READ 

ENABLE 

FIFOB-A 



WRITE 
ENABLE 
FIFOB-A 



READ 
ENABLE 
FIFOA-B 



RESET FIFOA-B 

PROGRAM ENABLE 
FIFOA-B 



RESET FIFO B-A 

PROGRAM ENABLE l^- 
FIFO B-A 



INPUT-READY 
PORTA 

OUTPUT-READY 
PORTA 
HALF-FULL 
FIFOA-B 

ALMOST-FULL/EMPTY 
FIFOA-B 

p 



INPUT-READY 
PORT B 
OUTPUT-READY 
PORT B 
HALF-FULL 
FIFOB-A 
ALMOST-FULL/EMPTY 
FIFOB-A 



17 



1V 



2V 



<w> <0*C> 



17 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the PH package. 



65 



66 



68 



70 



64 
63 



60 
71 
61 
62 



58 
57 
55 
54 
52 
51 
49 
48 
46 
45 
43 
42 
40 
39 
37 
36 
34 
33 



CLKB 



CSB 
W/RB 



WENB 



RENB 

RSTB 
PENB 

IRB 
ORB 
HFB 
AF/AEB 

B0 

B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

B9 

B10 

B11 

B12 

B13 

B14 

B15 

B16 

B17 
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functional block diagram 



PENA- 
RENA- 
WENA- 
CSA- 
W/RA- 
CLKA - 
RSTA - 



18 



ORA 



A0-A17 



IRA — «- 
AF/AEA — «- 
HFA — 4- 



Port-A 
Control 
Logic 



< 



18, 



Register 



Read 
Pointer 



18 



512x18 
Dual-Port SRAM 
FIFOB-A 



Register 



Flag 
Logic 
FIFOB-A 



Write 
Pointer 



Write 
Pointer 



Register 



Flag 
Logic 
FIFOA-B 



512x18 
Dual-Port SRAM 
FIFOA-B 



Read 
Pointer 



Register 



Port-B 
Control 
Logic 



18 



IRB 

AF/AEB 
HFB 



B0-B17 



ORB 



RSTB 

CLKB 

CSB 

W/RB 

WENB 

RENB 

PENB 
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enable logic diagram (positive logic) 



W/RA 
WENA 



D- 



RENA 



WEN FIFOA-B 



A0-A17 (output enable) 



REN FIFOB-A 



WEN FIFOB-A 



B0-B17 (output enable) 



REN FIFOA-B 



CP 



OS 



CSB 

W/RB 

WENB 



RENB 



FUNCTION TABLES 



SELECT INPUTS 


A0-A17 


PORT-A OPERATION 


CLKA CSA W/RA WENA RENA 


X H X X X 
T L H H X 
T L L X H 


HighZ 
HighZ 
Active 


None 

Write A0-A17 to FIFOA-B 
Read FIFOB-A to A0-A17 




SELECT INPUTS 


B0-B17 


PORT-B OPERATION 


CLKB CSB W/RB WENB RENB 


X H X X X 
t L H H X 
T L L X H 


HighZ 
HighZ 
Active 


None 

Write B0-B17to FIFOB-A 
Read FIFOA-B to B0-B17 
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Terminal Functions 



PIN NAME 


I/O 


DESCRIPTION 


A0-A17 


I/O 


rort-A data. I he i o-Dit Dioirectionai data port tor side a. 


AF/AEA 


0 


FIFOA-B almost-full/almost-empty flag. Depth offsets can be programmed for AF/AEA or the default value of 128 can 
be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AEA is high when X or less words or 
(512 - Y) or more words are stored in FIFOA-B. AF/AEA is forced high when FIFOA-B is reset. 


AF/AEB 


0 


FIFOB-A almost-full/almost-empty flag. Depth offsets can be programmed for AF/AEB or the default value of 128 can 
be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AEB is high when X or less words or 
(512 - Y) or more words are stored in FIFOB -A. AF/AEB is forced high when FIFOB -A is reset. 


B0-B17 


I/O 


Port-B data. The 1 8-bit bidirectional data port for side B. 


CLKA 


I 


Port-A clock. CLKA is a continuous clock that synchronizes all data transfers through port A to its low-to-high transition 
and can be asynchronous or coincident to CLKB. 


CLKB 


I 


Port-B clock. CLKB is a continuous clock that synchronizes all data transfers through port B to its low-to-high transition 
and can be asynchronous or coincident to CLKA. 


CSA 


I 


Port-A chip select. CSA must be low to enable a low-to-high transition of CLKA to either write data from A0-A17 to 
FIFOA-B or read data from FIFOB-A to A0-A17. The A0-A17 outputs are in the high-impedance state when CSA is 
high. 


CSB 


I 


Port-B chip select. CSB must be low to enable a low-to-high transition of CLKB to either write data from B0-B17 to 
FIFOB-A or read data from FIFOA-B to B0-B17. The B0-B17 outputs are in the high-impedance state when CSB is 
high. 


HFA 


0 


FIFOA-B half-full flag. HFA is high when FIFOA-B contains 256 or more words and is low when FIFOA-B contains 255 
or less words. HFA is set low after FIFOA-B is reset. 


HFB 


0 


FIFOB - A half-full flag. HFB is high when FIFOB- A contains 256 or more words and is low when FIFOB- A contains 255 
or less words. HFB is set low after FIFOB - A is reset. 


IRA 


0 


Port-A input-ready flag. IRA is synchronized to the low-to-high transition of CLKA. When IRA is low, FIFOA-B is full and 
writes to its array are disabled. IRA is set low during a FIFOA-B reset and is set high on the second low-to-high transition 
of CLKA after reset. 


IRB 


0 


Port-B input-ready flag. IRB is synchronized to the low-to-high transition of CLKB. When IRB is low, FIFOB-A is full and 
writes to its array are disabled. IRB is set low during a FIFOB - A reset and is set high on the second low-to-high transition 
of CLKB after reset. 


ORA 


o 


Port-A output-ready flag. ORA is synchronized to the low-to-high transition of CLKA. When ORA is low, FIFOB-A is empty 
and reads from its array are disabled. The last valid word remains on the FIFOB-A outputs when ORA is low. Ready data 
is present for the AO- A1 7 outputs when ORA is high. ORA is set low during a FIFOB-A reset and goes high on the third 
low-to-high transition of CLKA after the first word is loaded to an empty FIFOB - A. 


ORB 


0 


Port-B output-ready flag. ORB is synchronized to the low-to-high transition of CLKB. When ORB is low, FIFOA-B is empty 
and reads from its array are disabled. The last valid word remains on the FIFOA-B outputs when ORB is low. Ready data 
is present for the BO— B17 outputs when ORB is high. ORB is set low during a FIFOA— B reset and goes high on the third 
low-to-high transition of CLKB after the first word is loaded to an empty FIFOA-B. 


PENA 




AF/AEA program enable. After FIFOA— B is reset and before a word is written to its array, the binary value on AO— A7 is 
latched as an AF/AEA offset when PENA is low and CLKA is high. 


PENB 


1 


AF/AEB program enable. After FIFOB - A is reset and before a word is written to its array, the binary value on BO— B7 is 
latched as an AF/AEB offset when PENB is low and CLKB is high. 


RENA 




Port-A read enable. A high level on RENA enables data to be read from FIFOB-A on the low-to-high transition of CLKA 
when CSA is low, W/RA is low, and ORA is high. 


RENB 




Port-B read enable. A high level on RENB enables data to be read from FIFOA-B on the low-to-high transition of CLKB 
when CSB is low, W/RB is low, and ORB is high. 


RSTA 




FIFOA-B reset. To reset FIFOA-B, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must 
occur while RSTA is low. This sets HFA low, IRA low, ORB low, and AF/AEA high. 


RSTB 




FIFOB -A reset. To reset FIFOB -A, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must 
occur while RSTB is low. This sets HFB low, IRB low, ORA low, and AF/AEB high. 


WENA 




Port-A write enable. A high level on WENA enables data on A0-A17 to be written into FIFOA-B on the low-to-high 
transition of CLKA when W/RA is high, CSA is low, and IRA is high. 
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Terminal Functions (Continued) 



PIN NAME 


I/O 


DESCRIPTION 


WENB 


I 


Port-B write enable. A high level on WENB enables data on B0-B17 to be written into FIFOB-A on the low-to-high 
transition of CLKB when W/RB is high, CSB is low, and IRB is high. 


W/RA 


I 


Port-A write/read select. A high on W/RA enables A0-A17 data to be written to FIFOA-B on a low-to-high transition of 
CLKA when WENA is high, CSA is low, and IRA is high. A low on W/RA enables data to be read from FIFOB-A on a 
low-to-high transition of CLKA when RENA is high, CSA is low, and ORA is high. The A0-A17 outputs are in the 
high-impedance state when W/RA is high. 


W/RB 


I 


Port-B write/read select. A high on W/RB enables B0-B17 data to be written to FIFOB-A on a low-to-high transition of 
CLKB when WENB is high, CSB is low, and IRB is high. A low on W/RB enables data to be read from FIFOA-B on a 
low-to-high transition of CLKB when RENB is high, CSB is low, and ORB is high. The B0-B17 outputs are in the 
high-impedance state when W/RB is high. 



CLKA 



CLKB 




ORB 



HFA 



AF/AEA 



Figure 1. Reset Cycle for FIFOA-Bt 



t FIFOB - A is reset in the same manner. 
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CLKA 



IRA 



CSA 



W/RA 



WENA 



A0-A17 




t Written to FIFOA-B 



Figure 2. Write Timing - Port A 



CLKB 



IRB 



CSB 



W/RB 



WENB 



B0-B17 



\ 



/ 



\ 



r 



Word 1't 



Word 2t 



Word 3t 



Word 4t 



t Written to FIFOB-A 



Figure 3. Write Timing - Port B 
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CLKA 



CSA 



W/RA 



WENA 



jm km. 



-H N-t s 



A0-A17 



CLKB 



ORB 



CSB 



W/RB 



RENB 




y//////////////////////////////^ 



-tpd- 



B0-B17 



W1 From FIFOA-B 



Figure 4. ORB-Flag Timing and First-Data-Word Fallthrough When FIFOA-B Is Emptyt 

t Operation of FIFOB-A is identical to that of FIFOA-B. 
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CLKB 



CSB 



W/RB 



RENB 



B0-B17 



X 



From FIFOA-B 



CLKA 



IRA 



CSA 



WENA 



W/RA 



A0-A17 







> 


tpd 


« »l 


« M~ *pd 






W///////////////////////4 









Figure 5. Write-Cycle and IRA-Flag Timing When FIFOA-B Is Fuilt 

t Operation of FIFOB-A is identical to that of FIFOA-B. 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



7-55 



SN74ABT7819 
512x18x2 

CLOCKED BIDIRECTIONAL FIRST-IN, FIRST-OUT MEMORY 



SCBS125D - JULY 1992 - REVISED SEPTEMBER 1995 



CLKA 



ORA 



CSA 



W/RA 



RENA 



ten |« *l' 



- tp<j . 



•tdis 



A0-A17 



t Read from FIFOB-A 



H ( Wordlt ^ Word2t X Word3t X Word4t ) h 
Figure 6. Read Timing - Port A 



CLKB 



ORB 



csb y 



W/RB 



RENB 



B0-B17 ■ 



ten |t *j j«--*pd-» j k — tdis 

* ( Word lt y£~yNord 2t X Word 3 ^"""X Word 4t ^ 



t Read from FIFOA-B 



Figure 7. Read Timing - Port B 
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CLKB 



jTjTJturutijiJiLjT^ 



RENB 



ORB 



B0-B17 




W1 



AF/AEA 



HFA 



NOTES: CSA, CSB = 0, W/RA = 1 , W/RB = 0 

X is the almost-empty offset and Y is the almost-full offset for AF/AEA. 
HFB and AF/AEB function in the same manner for FIFO B-A. 



Figure 8. FIFOA - B (HFA, AF/AEA) Asynchronous Flag Timing 
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offset values for AF/AE 

The almost-full/almost-empty flag of each FIFO has two programmable limits: the almost-empty offset value (X) 
and the almost-full offset value (Y). They can be programmed from the input of the FIFO after it is reset and 
before a word is written to its memory. An AF/AE flag is high when its FIFO contains X or less words or (51 2 - Y) 
or more words. 

To program the offset values for AF/AEA, PENA is brought low after FIFOA-B is reset and only when CLKA is 
low. On the following low-to-high transition of CLKA, the bi nary va lue on A0-A7 is stored as the almost-empty 
offset value (X) and the almost-full offset value (Y). Holding PENA low for another low-to-high transition of CLKA 
reprograms Y to the binary value on A0-A7 at the time of the second CLKA low-to-high transition. 

Duri ng the first two CLKA cycles used for offset programming, PENA can be brought high only when CLKA is 
low. PENA can be brought high at any time after the second CLKA pulse used for offset programming returns 
low. A maximum value o f 255 can be programmed for either X or Y (see Figure 9). To use the default values 
of X = Y = 128, PENA must be tied high. No data is stored in FIF OA-B while the AF/AEA offsets are 
programmed. The AF/AEB flag is programmed in the same manner with PENB enabling CLKB to program the 
offset values taken from B0-B7. 




Figure 9. Programming X and Y Separately for AF/AEA 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc — -0.5 V to 7 V 

Input voltage range, V| (see Note 1) -0.5 V to Vcc + 0.5 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, Iq 48 mA 

Input clamp current, Iik (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) -50 mA 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vcc Supply voltage 


4.5 5 5.5 


V 


V|h High-level input voltage 


2 


V 


V||_ Low-level input voltage 


0.8 


V 


V| Input voltage 


o v C c 


V 


'OH High-level output current 


-12 


mA 


lOL Low-level output current 


24 


mA 


At/Av Input transition rise or fall rate 


5 


ns/V 


Ta Operating free-air temperature 


0 70 


°C 


electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|K 


Vqc = 4.5 V, l| =-18mA 


-1.2 


V 


VOH 


Vcc = 4 -5 V, IQH = - 3 mA 


2.5 


V 


Vcc = 5 V ' loH = ~3 mA 


3 


Vcc = 4.5 V, l0H = ~ 12 mA 


2 


vol 


Vcc - 4.5 V, Iql = 24 mA 


0.5 


V 


ii 


Vcc - 5.5 V, V| = VccorGND 


±1 


ma 


"OZH § 


VCC = 5.5 V, Vo = 2.7 V 


50 


ma 


>OZL § 


Vcc = 5.5 V, V 0 = 0.5 V 


-50 


uA 


lO 11 


VCC - 5.5 V, VQ-2.5V 


-40 -100 -180 


mA 


'cc 


Vcc - 5.5 V, Iq = 0, V| = Vcc or GND 


Outputs high 


15 


mA 


Outputs low 


95 


Outputs disabled 


15 


Ci 


Control inputs 


V| = 2.5 V or 0.5 V 


6 


PF 


Co 


Flags 


Vo = 2.5Vor 0.5 V 


4 


PF 


c io 


A or B ports 


V 0 = 2.5 V or 0.5 V 


8 


PF 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

§ The parameters lozH and 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figures 1 through 8) 





'ABT7819-12 


ABT7819-15 


ABT7819-20 


ABT7819-30 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency 


80 


67 


50 


33.3 


MHz 


t w Pulse duration 


CLKA, CLKB high or low 


4.5 


6 


8 


11 


ns 


t su Setup time 


A0-A17 before CLKAt and 
B0-B17 before CLKBt 


3 


4 


5 


5 


ns 


C§A before CLKAt and CSB 
before CLKBt 


6 


6 


7 


7 


W/RA before CLKAt and 
W/RB before CLKBt 


6 


6 


7 


7 


WENA before CLKAt and 
WENB before CLKBt 


4 


4 


5 


5 


RENA before CLKAt and 
RENB before CLKBt 


5 


5 


5 


6 


PENA before CLKAT and 
PENB before CLKBt 


3 


4 


5 


5 


RSTA or RSTB low before first 
CLKAt and CLKBt t 


3 


4 


5 


5 


t n Hold time 


A0-A17 after CLKAt and 
BO- B1 7 after CLKBt 


0 


0 


0 


0 


ns 


CSA after CLKAt and CSB 
after CLKBt 


0 


0 


0 


0 


W/RA after CLKAt and W/RB 
after CLKBt 


0 


0 


0 


0 


WENA after CLKAt and 
WENB after CLKBt 


0 


0 


0 


0 


RENA after CLKAt and RENB 
after CLKBt 


0 


0 


0 


0 


PENA after CLKA low and 
PENB after CLKB low 


2 


2 


2 


2 


RSTA or RSTB low after fourth 
CLKAt and CLKBt t 


3 


3 


4 


4 



t To permit the clock pulse to be utilized for reset purposes 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C L = 50 pF (unless otherwise noted) (see Figures 10 and 12) 



PARAMETER 


FROM 


TO 


'ABT7819-12 


ABT7819-15 


ABT7819-20 


ABT7819-30 


UNIT 


(INPUT) 


(OUTPUT) 


MIN 


TYPt MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




CLKA or CLKB 




80 


67 


50 


33.3 


MHz 


tpd 


CLKAt 


A0-A17 


4 


7 9 


4 


10 


4 


12 


4 


14 


ns 


CLKBt 


B0-B17 


4 


7 9 


4 


10 


4 


12 


4 


14 


tpd* 


CLKAT 


A0-A17 


6 








ns 


CLKBt 


B0-B17 


6 








tpd 


CLKAt 


IRA 


4 9 


4 


10 


4 


12 


4 


14 


ns 


CLKBt 


IRB 


4 


9 


4 


10 


4 


12 


4 


14 


tpd 


CLKAt 


ORA 


3.5 


9 


3.5 


10 


3.5 


12 


3.5 


14 


ns 


CLKBt 


ORB 


3.5 


9 


3.5 


10 


3.5 


12 


3.5 


14 


tpd 


CLKAt 


AF/AEA 


8 


17 


8 


17 


8 


18 


8 


20 


ns 


CLKBt 


8 


17 


8 


17 


8 


18 


8 


20 


tPLH 


RSTA 


AF/AEA 


4 


12 


4 


14 


4 


15 


4 


16 


ns 


tpd 


CLKAt 


AF/AEB 


8 


17 


8 


17 


8 


18 


8 


20 


ns 


CLKBt 


8 


17 


8 


17 


8 


18 


8 


20 


tPLH 


RSTB 


AF/AEB 


4 


12 


4 


14 


4 


15 


4 


16 


ns 


CLKAt 


HFA 


8 


17 


8 


17 


8 


18 


8 


20 


tPHL 


CLKBt 


HFA 


8 


17 


8 


17 


8 


18 


8 


20 


ns 


RSTA 


4 


12 


4 


14 


4 


15 


4 


16 


tPHL 


CLKAt 


HFB 


8 


17 


8 


17 


8 


18 


8 


20 


ns 


tPLH 


CLKBt 


HFB 


8 


17 


8 


17 


8 


18 


8 


20 


ns 


tPHL 


RSTB 


4 


12 


4 


14 


4 


15 


4 


16 


ten 


CSA 


A0-A17 


2.5 


8 


2.5 


9 


2.5 


10 


2.5 


11 


ns 


W/RA 


2.5 


8 


2.5 


9 


2.5 


10 


2.5 


11 


ten 


CSB 


B0-B17 


2.5 


8 


2.5 


9 


2.5 


10 


2.5 


11 


ns 


W/RB 


2.5 


8 


2.5 


9 


2.5 


10 


2.5 


11 


tdis 


CSA 


A0-A17 


2.5 


8 


2.5 


9 


2.5 


10 


2.5 


11 


ns 


W/RA 


2.5 


8 


2.5 


9 


2.5 


10 


2.5 


11 


tdis 


CSB 


B0-B17 


2.5 


8 


2.5 


9 


2.5 


10 


2.5 


11 


ns 


W/RB 


2.5 


8 


2.5 


9 


2.5 


10 


2.5 


11 



t All typical values are at Vqc = 5 V, Ta = 25°C. 
$ This parameter is measured with a 30-pF load (see Figure 10). 
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TYPICAL CHARACTERISTICS 



PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 



vcc 

-T A = 
R L = 


= 5V 
25°C 
500 Q 







































































































0 50 100 150 200 250 300 
C[_ - Load Capacitance - pF 

Figure 10 



SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 




20 1 1 1 1 1 1 1 1 1 1 1 1 1 

10 15 20 25 30 35 40 45 50 55 60 65 70 

fclock - Clock Frequency - MHz 
Figure 11 
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TYPICAL CHARACTERISTICS 

calculating power dissipation 

With iQQ(f) taken from Figure 1 1 , the maximum power dissipation (Pj) based on all outputs changing states on 
each read can be calculated by: 

Pt = V cc x l CC(f) + Z(C L x Vqh 2 x W 

where: 

'cc(f) = maximum Ice per clock frequency 
C|_ = output capacitive load 
f 0 = data output frequency 
v OH = high-level output voltage 



PARAMETER MEASUREMENT INFORMATION 



From Output 
Under Test 




LOAD CIRCUIT VOLTAGE WAVEFORMS 

ENABLE AND DISABLE TIMES 



PARAMETER 


R1,R2 


c L t 


S1 


ten 


tpZH 


500 Q. 


50 pF 


Open 


tpZL 


Closed 


tdis 


tPHZ 


500 Q 


50 pF 


Open 


tPLZ 


Closed 


tpd 


500 Q 


50 pF 


Open 



t Includes probe and test-fixture capacitance 



Figure 12. Load Circuit and Voltage Waveforms 
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Member of the Texas Instruments 
Widebus™ Family 

Independent Asynchronous Inputs and 
Outputs 

1024 Words x 18 Bits 

Read and Write Operations Can Be 
Synchronized to Independent System 
Clocks 

Programmable Almost-Full/Almost-Empty 
Flag 

Pin-to-Pin Compatible With SN74ACT7881, 
SN74ACT7882, and SN74ACT7884 



• Input-Ready, Output-Ready, and Half-Full 
Flags 

• Cascadable in Word Width and/or Word 
Depth 

• Fast Access Times of 15 ns With a 50-pF 
Load 

• High-Output Drive for Direct Bus Interface 

• Available in 68-Pin PLCC (FN) and 
Space-Saving 80-Pin Thin Quad Flat (PN) 
Packages 



FN PACKAGE 
(TOP VIEW) 



* i- CM 

-i z z 

QQ Q(D DC DC DC O 



tu 



[2 8§o: B^sis 

DC > (3 O ¥<3 O O O 



D14 ] 
D13 ] 
D12 ] 
D11 ] 
D10 ] 
D9 ] 

vcc] 

D8 ] 
GND ] 
D7] 
D6 ] 
D5 ] 
D4 ] 
D3 ] 
D2 ] 
D1 ] 
DO ] 



LJLJLJLJLJULJULJULJULJLJLJLJLJ 

9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61 , 

60 | 

59 



26 44 
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 

nnnnnnnnnnnnnnnnn 



|U-0*Z=^ OLUQ0CU- QO^Q wn Q 

< z _j z z o<z-x qOOzOO o 

i° o p ty > ll o > o & 

EEE < 



C v cc 

[ Q14 
[ Q13 
[ GND 
[ Q12 
[JQ11 

V CC 
QQ10 
Q9 
GND 
Q8 
Q7 

Vcc 

Q6 
Q5 
P GND 
Q4 



_! DC DC 



Widebus is a trademark of Texas Instruments Incoi 



PRODUCTION DATA information Is current as of publication date. B . Copyright © 1996, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments wim 

standard warranty. Production processing does not necessarily include Wf Tri/A r 

testing of all parameters. 1EXAS 
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NC 

GND 
GND 
Q16 
Q17 

VCC 
OR 
GND 

VCC 
RESET 
OE 
RDEN2 
RDEN1 
RDCLK 
GND 
D17 
D16 
D15 
NC 
NC 



PN PACKAGE 
(TOP VIEW) 

w co 9 9 Mr- oo Q o 99 

5£555§S5£58S8&£88-3SS 



• 

]1 
32 
]3 
]4 
]5 
]6 

V 
38 
]9 

3 io 

3 11 

]12 
]13 
]14 
3 15 
3 16 
317 
318 
319 
3 20 



LJLJI^LJLJLJLJLJl^LJI^l^LJLJLJLJL^ 

80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 



60 C 
59 C 
58 [ 
57[ 
56 [ 
55 C 
54[ 
53[ 
52[ 
51 C 
50[ 
49 [ 
48[ 
47[ 
46 [ 
45 C 
44 [ 
43[ 
42[ 
41 [ 



vcc 
vcc 
n6 

Q3 

Q2 

GND 

Q1 

Q0 

VCC 

HF 

IR 

GND 
GND 
AF/AE 
VCC 

WRTEN2 

WRTEN1 

WRTCLK 

GND 

NC 



21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 

rnmrnrnrnrnrnrirnrirnrnrnrnrirnriririrn 

O^COCMt-OO) Q 00 q s id io 5- CO CM ^ o ILL o 

z55555 D J Q g QQQQQQQQ |gz 



NC - No internal connection 



description 

A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. The SN74ACT7811 is a 1 024 x 1 8-bit FIFO for high speed and fast access times. It processes data 
at rates up to 40 MHz and access times of 15 ns in a bit-parallel format. Data outputs are noninverting with 
respect to the data inputs. Expansion is easily accomplished in both word width and word depth. 

The SN74ACT7811 has normal input-bus-to-output-bus asynchronous operation. The special enable circuitry 
adds the ability to synchronize independent read and write (interrupts or requests) to their respective system 
clock. 

The SN74ACT781 1 is characterized for operation from 0°C to 70°C. 
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logic symbolt 



RESET 
WRTCLK 
WRTEN1 
WRTEN2 
RDCLK 
RDEN1 
OE 
RDEN2 
DAF 

DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 
D10 
D11 
D12 
D13 
D14 
D15 
D16 
D17 



29 



30 



31 



27 



RESET 
> WRTCLK 



FIFO 1024x18 
SN74ACT7811 



RDCLK 



& 
EN1 



IN RDY 

WRTEN HALF FULL 

ALMOST FULL/EMPTY 
OUT RDY 



RDEN 



^> DEF ALMOST FULL 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the FN package. 



35 



36 



33 



26 


0 






0 


38 


25 






39 


24 










41 


23 










42 


22 










44 


21 










46 


20 










47 


19 










49 


17 




| Data^> 


I Data^> 1 V 




50 


15 






52 


14 










53 


13 










55 


12 










56 


11 










58 


10 










59 


9 










61 


8 










63 


7 


17 






17 


64 











IR 
HF 

AF/AE 
OR 



Q0 

Q1 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 

Q8 

Q9 

Q10 

Q11 

Q12 

Q13 

Q14 

Q15 

Q16 

Q17 
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functional block diagram 

OE- 



D0-D17 



RDCLK- 
RDEN1 - 
RDEN2- 



WRTCLK - 
WRTEN1- 
WRTEN2- 



RESET- 



DAF- 



Synchronous 
Read 
Control 



Synchronous 
Write 
Control 



Reset 
Logic 



Read 
Pointer 



Write 
Pointer 



Status- 
Flag 
Logic 



:> 



I 



Location 1 



Location 2 



1024x18 RAM 



Location 1023 



Location 1024 



Register 




Q0-Q17 



OR 

IR 

HF 

AF/AE 
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Terminal Functions 



terminal!" 

NAME NO. 


I/O 


DESCRIPTION 


AF/AE 33 


0 


Almost-full/almost-empty flag. The AF/AE boundary is defined by the almost-full/almost-empty offset 
value (X). This value can be programmed during reset or the default value of 256 can be used. AF/AE 
is high when the FIFO contains (X + 1 ) or less words or (1 025 - X) or more words. AF/AE is low when 
the FIFO contains between (X +2) and (1024 - X) words. 

Programming procedure for AF/AE - The almost-full/almost-empty flag is programmed during each 
reset cycle. The almost-full/almost-empty offset value (X) is either a user-defined value or the default 
of X = 256. Instructions to program AF/AE using both methods are as follows: 

User-defined X 

Step 1 : Take DAT from high to low. 

Step 2: If RESET is not already low, take RESET low. 

Step 3: With DAF held low, take RESET high. This defines the AF/AE using X. 

Step 4: To retain the current offset for the next reset, keep DAF low. 

Default X 

To redefine AF/AE using the default value of X = 256, hold DAF high during the reset cycle. 


DAT 27 


I 


Define almost full. The high-to-low transition of DAF stores the binary value of data inputs as the 
almost-full/almost-empty offset value (X). With DAF held low, a low pulse on RESET defines the 

AC/AC t\nr* nninn V 

Ar/At flag using X. 


D0-D17 26-19, 17, 15-7 


I 


Data inputs for 18-bit-wide data to be stored in the memory. Data lines D0-D8 also carry the 
almost-full/almost-empty offset value (X) on a high-to-low transition of the DAF. 


HF 36 


0 


Half-full flag. HF is high when the FIFO contains 513 or more words and is low when it contains 512 
or less words. 


IR 35 


o 


Input-ready flag. IR is high when the FIFO is not full and low when the device is full. During reset, IR 
is driven low on the rising edge of the second WRTCLK pulse. I R is then driven high on the rising edge 
of the second WRTCLK pulse after RESET goes high. After the FIFO is filled and IR is driven low, 
IR is driven high on the second WRTCLK pulse after the first valid read. 


OE 2 


I 


Output enable. The data-out (Q0-Q1 7) outputs are in the high-impedance state when OE is low. OE 
must be high before the rising edge of RDCLK to read a word from memory. 


OR 66 


0 


Output-ready flag. OR is high when the FIFO is not empty and low when it is empty. During reset, 
OR is set low on the rising edge of the third RDCLK pulse. OR is set high on the rising edge of the 
third RDCLK pulse to occur after the first word is written into the FIFO. OR is set low on the rising 
edge of the first RDCLK pulse after the last word is read. 


38-39,41-42, 44, 

Q0-Q17 46 - 47 . 49 " 50 ' 
UU U1/ 52-53,55-56, 

58-59, 61,63-64 


0 


Data outputs. The first data word to be loaded into the FIFO is moved to Q0-Q1 7 on the rising edge 
of the third RDCLK pulse to occur after the first valid write. The RDEN1 and RDEN2 inputs do not 
affect this operation. Following data is unloaded on the rising edge of RDCLK when RDEN1 , RDEN2, 
OE, and the OR are high. 


RDCLK 5 


I 


Read clock. Data is read out of memory on a low-to-high transition RDCLK if OR, OE, and RDEN1 
and RDEN2 control inputs are high. RDCLK is a free-running clock and functions as the 
synchronizing clock for all data transfers out of the FIFO. OR is also driven synchronously with 
respect to RDCLK. 


RDEN1, 4 
RDEN2 3 


I 


Read enable. RDEN1 and RDEN2 must be high before a rising edge on RDCLK to read a word out 
of memory. RDEN1 and RDEN2 are not used to read the first word stored in memory. 


RESET 1 


I 


A reset is accomplished by taking RESET low and generating a minimum of four RDCLK and 
WRTCLK cycles. This ensures that the internal read and write pointers are reset and OR, HF, and 
IR are low and AF/AE is high. The FIFO must be reset upon power up. With DAF at a low level, a low 
pulse on RESET defines the AF/AE status flag using the almost-full/almost-empty offset value (X), 
where X is the value previously stored. With DAF at a high level, a low-level pulse on RESET defines 
the AF/AE flag using the default value of X = 256. 



t Terminals listed are for the FN package. 
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Terminal Functions (Continued) 



TERMINALt 
NAME NO. 


I/O 


DESCRIPTION 


WRTCLK 29 


I 


Write clock. Data is written into memory on a low-to-high transition of WRTCLK if IR, WRTEN1 , and 
WRTEN2 are high. WRTCLK is a free-running clock and functions as the synchronizing clock for all 
data transfers into the FIFO. IR is also driven synchronously with respect to WRTCLK. 


WRTEN1, 30 
WRTEN2 31 


I 


Write enables. WRTEN1 and WRTEN2 must be high before a rising edge on WRTCLK for a word 
to be written into memory. WRTEN1 and WRTEN2 do not affect the storage of the 
almost-full/almost-empty offset value (X). 



t Terminals listed are for the FN package. 



RESET 
DAF 
WRTCLK 
WRTEN1 
WRTEN2 
D0-D17 
RDCLK 
RDEN1 
RDEN2 
OE 

Q0-Q17 
OR 



I f || t 1 I TM tMi 

i ! I 




fT"| JfT] f | 






li 










i j i . 










Invalid 



y'Don't 'dare "VI 



HF 



IR 



DbnTGare' 



Store the Value of DO -D8 as X 
t X is the binary value of DO- D8 only. 

Figure 1. Reset Cycle: Define AF/AE Using the Value of X 



Define the AF/AE Flag Using the 
Value of X 
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WRTEN2 
D0-D17 
RDCLK 
RDEN1 
RDEN2 
OE 

Q0-Q17 
OR 
AF/AE 
HF 
IR 




Don t Care 



T 



Invalid 



on'f Care 

A Art Art 



Don YCare 'j4 

X X X X X *»y| 



Define the AF/AE Flag 
Using the Value of X = 256 



Figure 2. Reset Cycle: Define AF/AE Using the Default Value 
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RESET 



DAF 



WRTCLK 



WRTEN1 



WRTEN2 



ru-n 



D0-D17 W1 R%l W2 K&j W3 



RDCLK 



RDEN1 



RDEN2 



OE 



Q0-Q17 



OR 



AF/AE 



HF 



IR 




1_ 



Figure 3. Write Cycle 
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RESET 



DAF 



mmmm 



WRTCLK 



WRTEN1 



WRTEN2 



D0-D17 4 W1025 I 



T 



RDCLK 



RDEN1 



^n_p_n 



RDEN2 



OE 



u 



Q0-Q17 wi >— If wi X W2 



OR 




1/ M — M <w W w- 

W(X+1)Xw(X+2) W513X W514 W(1024-XpW(1025-X) W1024X 

nr- — f ^- — M — \ ^ yj [ N V) r x - 



AF/AE 



HF 



IR 



Figure 4. Read Cycle 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0.5 V to 7 V 

Input voltage, V| 7 V 

Voltage applied to a disabled 3-state output . 5.5 V 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 



recommended operating conditions 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


V 


V|L 


Low-level input voltage 


0.8 


V 


'OH 


High-level output current 


-8 


rnA 


"OL 


Low-level output current 


16 


mA 


t a 


Operating free-air temperature 


0 


70 





electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt 


MAX 


UNIT 


V 0 H 


VCC = 4.5 V, 


lOH = - 8 mA 


2.4 


V 


vol 


VCC = 4.5 V, 


lOL = 16 mA 


0.5 


V 


ii 


V C C = 5.5 V, 


V| =Vcc or 0 V 


±5 


MA 


ioz 


VCC = 5.5 V, 


VQ=VccorOV 


±5 


HA 


"cc§ 


V| =Vcc-0.2VorOV 


400 


ma 


One input at 3.4 V, 


Other inputs at Vcc or GND 


1 


mA 


Cj 


V| = 0 V, f - 1 MHz 


4 


PF 


c 0 


Vo = 0V,f=1MHz 


8 


pF 



$ All typical values are at Vcc = 5 V, T A = 25°C. 
§ Ice tested with outputs open 
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timing requirements (see Figures 1 through 8) 





'ACT7811-15 


'ACT7811-18 


'ACT7811-20 


'ACT7811-25 


UNIT 




MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency 


40 


35 


28.5 


16.7 


MHz 




D0-D17high or low 


10 


12 


14 


20 






WRTCLK high 


7 


8.5 


10 


17 






VVn 1 OLf\ low 


10 


11 


14 


23 






nnpi it kink 


7 


8.5 


10 


17 




t w Pulse duration 


RDCLK low 


10 


11 


14 


23 


ns 


DAT high 


10 


10 


10 


10 






WRTEN1, WRTEN2 


10 


10 


10 


10 






high or low 






OE, RDEN1, RDEN2 


10 


10 


10 


10 






high or low 






D0-D17 before WRTCLKt 


c 

o 


o 


c 

o 


o 






WRTEN1, WRTEN2 high 














before WRTCLKT 


5 


5 


5 


5 






OE, RDEN1, RDEN2 high 














before RDCLKT 


5 


5 


5 


5 






Reset: RESET low before first 












t su Setup time 


WRTCLK and RDCLKT 


7 


7 


7 


7 






Define AF/AE: D0-D8 before 
DAFi 


5 


5 


5 


5 






Define AF/AE: DAFi before 
RESETT 


7 


7 


7 


7 






Define AF/AE (default): 
DAF high before RESETT 


5 


5 


5 


5 






D0-D17 after WRTCLKT 


•j 


1 


■j 


■\ 






WRTEN1 , WRTEN2 high after 


1 


1 


1 


1 






WRTCLKT 






OE, RDEN1, RDEN2 high after 




1 


1 


1 






RDCLKT 


1 






Reset: RESET low after fourth 












t n Hold time 


WRTCLK and RDCLKT 


0 


0 


0 


0 


ns 




Define AF/AE: D0-D8 after 






1 


1 






DAFi 


1 


1 






Define AF/AE: DAF low after 
RESETT 


0 


0 


0 


0 






Define AF/AE (default): 


1 


1 


1 


1 






DAF high after RESETT 





t To permit the clock pulse to be utilized for reset purposes 
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switching characteristics over recommended operating free-air temperature range (see Figures 9 
and 10) 



DA □ A UCTCD 

rArlAMb 1 cn 


FROM 
(INPUT) 


TO 
(OUTPUT) 


Vcc = 4.5 V to 5.5 V, 

Cl = 50 pF, 

RL = 500 Q, 

Ta = 0°C to 70°C 


1 IKIIT 


ACT7811-15 


'ACT7811-18 


'ACT7811-20 


'ACT7811-25 


MIN TYP MAX 


MIN MAX 


MIN MAX 


MIN MAX 


fmax 


WRTCLK or 
RDCLK 




40 


35 


28.5 


16.7 


MHz 


T pd 


RDCLKt 


Any Q 


4 12 15 


4 18 


4 20 


4 25 


ns 


t 

T pd' 


10.5 










WRTCLKT 


IR 


2 10 


2 12 


2 14 


2 16 


ns 


l pd 


RDCLKt 


OR 


2 10 


2 12 


2 14 


2 16 


ns 


tpd 


WRTCLKT 


AF/AE 


6 20 


6 22 


6 24 


6 26 


ns 


RDCLKT 


6 20 


6 22 


6 24 


6 26 


tPLH 


WRTCLKT 


HF 


6 19 


6 21 


6 23 


6 25 


ns 


tPHL 


RDCLKT 


6 19 


6 21 


6 23 


6 25 


tPLH 




AF/AE 


3 19 


3 21 


3 23 


3 25 


ns 


tPHL 


RESETi 


HF 


4 21 


4 23 


4 25 


4 27 


ten 


OE 


Any Q 


2 11 


2 11 


2 11 


2 11 


ns 


tdis 


2 14 


2 14 


2 14 


2 14 



t This parameter is measured with C|_ = 30 pF (see Figure 5). 



operating characteristics, Vqc = 5 V, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


TYP 


UNIT 


Cpd Power dissipation capacitance per 1 K bits 


Ci_ = 50pF, f = 5MHz 


65 


PF 
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TYPICAL CHARACTERISTICS 



TYPICAL PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 



o 
E 
i= 

S 
c 
o 

I 



£L 



v C c 

_T A = 
R L = 


= 5V 
25°C 










500 Q 



















































































0 50 100 150 200 250 300 
C |_- Load Capacitance - pF 
Figure 5 
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TYPICAL CHARACTERISTICS 



u_ 

Q. 

I 

8 

c 
3 
o 



O 
c 
o 



1 

Ql 
I 



TYPICAL POWER DISSIPATION CAPACITANCE 
vs 

SUPPLY VOLTAGE 

68 



67 - 



66 



65 



64 



63 



62 



1 1 

fj = 5 MHz 
T A = 25°C 
















c L 


= 50 


PF 

































































































4.5 4.6 4.7 4.8 4.9 5 5.1 5.2 5.3 5.4 5.5 
Vcc - Supply Voltage - V 
Figure 6 



calculating power dissipation 

The maximum power dissipation (Pj) of the SN74ACT7811 can be calculated by: 

PT - V C C x [ICC + (N x AI CC * <fc)] + Z (Cpd * V CC 2 x *i) + 2 (C L x V CC 2 x f 0 ) 
where: 

Ice = power-down Ice maximum 

N = number of inputs driven by a TTL device 

A Ice = increase in supply current 

dc = duty cycle of inputs at a TTL high level of 3.4 V 

Cpd = power dissipation capacitance 

C|_ = output capacitive load 

fj = data input frequency 

f 0 = data output frequency 
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APPLICATION INFORMATION 



expanding the SN74ACT7811 



The SN74ACT7811 is expandable in width and depth. Expanding in word depth offers special timing 
considerations: 

After the first data word is loaded into the FIFO, the word is unloaded and the output-ready flag (OR) output 
goes high after (N x 3) read-clock (RDCLK) cycles, where N is the number of devices used in depth 
expansion. 

After the FIFO is filled, the input-ready flag (IR) output goes low, the first word is unloaded, and the IR flag 
output is driven high after (N x 2) write-clock cycles, where N is the number of devices used in depth 
expansion. 



CLOCK 

WRTCLK 
WRTEN1 
WRTEN2 
IR 

D0-D17 



:> 



SN74ACT7811 



WRTCLK 


RDCLK 


WRTEN1 


OR 


WRTEN2 


RDEN1 


IR 


RDEN2 




OE 


D0-D17 


Q0-Q17 



-5V 



-N 



SN74ACT7811 



WRTCLK 


RDCLK 


WRTEN1 


RDEN1 


WRTEN2 


RDEN2 


IR 


OR 




OE 


D0-D17 


Q0-Q17 



:> 



- RDCLK 
RDEN1 
- RDEN2 
-OR 
-OE 

Q0-Q17 



Figure 7. Word-Depth Expansion: 2048 Words x 18 Bits, N = 2 



WRTCLK 
WRTEN 



D18-D35 



IR 



D0-D17 



SN74ACT7811 



WRTCLK 
WRTEN1 
WRTEN2 
IR 



> D0 - 



D17 



RDCLK 
RDEN1 
RDEN2 
OR 
OE 

Q0-Q17 



SN74ACT7811 
WRTCLK RDCLK 



WRTEN1 
WRTEN2 
IR 

D0-D17 



RDEN1 
RDEN2 
OR 
OE 

Q0-Q17 



RDCLK 
RDEN 



OE 

Q18-Q35 



OR 



Q0-Q17 



Figure 8. Word-Width Expansion: 1024 Words x 36 Bits 
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PARAMETER MEASUREMENT INFORMATION 

-— 3 V 



From Output \npu\ 



Under Test 

R L = 500 Q 



-J ^ .» 

Output / \1.5V 

_ / \ ov 



LOAD CIRCUIT TOTEM-POLE OUTPUTS 

Figure 9. Standard CMOS Outputs 




LOAD CIRCUIT 

VOLTAGE WAVEFORMS 



PARAMETER 


R1,R2 


c L t 


S1 


ten 


tPZH 


500 Q 


50 pF 


Open 


tPZL 


Closed 


tdis 


*PHZ 


500 Q 


50 pF 


Open 


*PLZ 


Closed 


tpd 


500 Q 


50 pF 


Open 



t Includes probe and test fixture capacitance 



Figure 10. 3-State Outputs (Any Q) 
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Member of the Texas Instruments 
Widebus™ Family 

Independent Asynchronous Inputs and 
Outputs 

Read and Write Operations Can Be 
Synchronized to Independent System 
Clocks 

Programmable Almost-Full/Almost-Empty 
Flag 

Pin-to-Pin Compatible With SN74ACT7882, 
SN74ACT7884, and SN74ACT7811 



• Input-Ready, Output-Ready, and Half-Full 
Flags 

• Expandable in Word Width and/or Word 
Depth 

• Fast Access Times of 11 ns With a 50-pF 
Load 

• High Output Drive for Direct Bus Interface 

• Package Options Include 68-Pin PLCC (FN) 
or Space-Saving 80-Pin Shrink Quad Flat 
(PN) Packages 



FN PACKAGE 
(TOP VIEW) 



t- cm 

£ 5 t § £ I I u, 

Q a Q O OC DC DC O 



0C O O (DO 



D14 
D13 
D12 
D11 
D10 
D9 

V C C 
D8 

GND 
D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 



310 

]11 
]12 
]13 
]14 
]15 
]16 
]17 
]18 
]19 
]20 
]21 
]22 
]23 
]24 
]25 
]26 



LJLJLJLJULJULJLJLJLJLJULJLJLJU 

9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61 



60 [ 
59 [ 
58 [ 
67[ 
56 [ 
55 [ 
54[ 
53[ 
52[ 
51 [ 
50 [ 
49 [ 
48[ 
47[ 
46 [ 
45 [ 



44 [ 

27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 

nrnrnnrnrirnririririr-irirnrnrirn 



v C c 

Q14 
Q13 
GND 
Q12 
Q11 

V C C 

Q10 

Q9 

GND 

Q8 

Q7 

V C C 

Q6 

Q5 

GND 

Q4 



LL Q r- CM OUJQDClLOO^QWno 

IQ O PS [!i> llO > O > 

£ <: £ 



Widebus is a trademark of Texas instruments Incorporated. 



PRODUCTION DATA Information is current as of publication date. m . Copyright © 1996, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments mim 

standard warranty. Production processing does not necessarily include ^H'# TV^-*s- a 

testing ol all parameters. lEXAS 
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PN PACKAGE 
fTOP VIEW) 



lO O ^ co id id 

T" Q T- 1- Z Z 

o> oooo 



CM i- 

5 5 > 



Q „ Q Q 

Z 00 N n (O U) Z Z "^ 





. nnnnnnrnrnrnr~irni~ii~iriririririi~ii~i , 

r 80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 




NC[ 


1 




60 


]Vcc 


GND[ 


2 




59 


]V CC 


GND[ 


3 




58 


]NC 


Q16[ 


4 




57 


]Q3 


Q17[ 


5 




56 


]Q2 


VccE 


6 




55 


] GND 


OR[ 


7 




54 


]Q1 


GND[ 


8 




53 


]Q0 


V cc [ 


9 




52 


]V CC 


RESET [ 


10 




51 


]HF 


OE[ 


11 




50 


]IR 


RDEN2 [ 


12 




49 


] GND 


RDEN1 [ 


13 




48 


] GND 


RDCLK [ 


14 




47 


] AF/AE 


GND[ 


15 




46 


]v C c 


D17[ 


16 




45 


] WRTEN2 


D16[ 


17 




44 


] WRTEN1 


D15[ 


18 




43 


] WRTCLK 


NC[ 


19 




42 


] GND 


NC[ 


20 




41 


]NC 




21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 





o 

z 5 



CO CM 

5 5 



t- O O) O CO Q 

55°> OQ § 



s <o io n w r o , 

00000000 < 

Id 



NC - No internal connection 



description 

A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. The SN74ACT7881 is organized as 1 024 x 1 8 bits. The SN74ACT7881 processes data at rates up 
to 67 MHz and access times of 1 1 ns in a bit-parallel format. Data outputs are noninverting with respect to the 
data inputs. Expansion is easily accomplished in both word width and word depth. 

The SN74ACT7881 has normal input-bus-to-output-bus asynchronous operation. The special enable circuitry 
adds the ability to synchronize independent reads and writes to their respective system clocks. 

The SN74ACT7881 is characterized for operation from 0°C to 70°C. 



7-82 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN74ACT7881 

1024 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 



SCAS227C- FEBRUARY 1993- REVISED FEBRUARY 1996 



logic symbolt 



RESET 
WRTCLK 
WRTEN1 
WRTEN2 
RDCLK 
RDEN1 
OE 
RDEN2 
DAF 







<D 
FIFO 

SN74ACT7881 - 1024 x 18 




1 




RESET 




29 




> WRTCLK 




30 


35 


& 


IN RDY 

WRTEN 

HALF FULL 


31 


36 








33 


5 




> RDCLK ALMOST FULL/EMPTY 


4 


66 


& 
EN1 


OUT RDY 

RDEN 


2 




3 




27 












> DEF ALMOST FULL 
-i i— 









IR 
HF 

AF/AE 
OR 




t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the FN package. 
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functional block diagram 

OE- 



D0-D17 



RDCLK- 
RDEN1- 
RDEN2- 



WRTCLK- 
WRTEN1- 
WRTEN2- 



RESET- 



DAF- 



Synchronous 
Read 
Control 



Synchronous 
Write 
Control 



Reset Logic 



Read 
Pointer 



Write 
Pointer 



iz 



Status- 
Flag 
Logic 



v 



1 



z 



Location 1 



Location 2 



RAM 

1024x18 



Register 



Q0-Q17 

OR 

IR 

HF 

AF/AE 
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Terminal Functions 



TERMINALt 
NAME NO. 


I/O 


DESCRIPTION 


AF/AE 33 


0 


Almost-full/almost-empty flag. The AF/AE boundary is defined by the almost-full/almost-empty offset 
value (X). This value can be programmed during reset, orthe default value of 256 can be used. AF/AE 
is high when the Fl FO contains (X + 1 ) or less words or (1 025 - X) or more words. AF/AE is low when 
the FIFO contains between (X +2) and (1024 - X) words. 

Programming procedure for AF/AE - The almost-full/almost-empty flag is programmed during each 
reset cycle. The almost-full/almost-empty offset value (X) is either a user-defined value orthe default 
of X * 256. Instructions to program AF/AE using both methods are as follows: 

User-defined X 

Step 1 : Take DAF from high to low. 

Step 2: If RESET is not already low, take RESET low. 

Step 3: With DAF held low, take RESET high. This defines the AF/AE using X. 

Step 4: To retain the current offset for the next reset, keep DAF low. 

Default X 

To redefine AF/AE using the default value of X = 256, hold DAF high during the reset cycle. 


DAT 27 


I 


Define-almost-full. The high-to-low transition of DAF stores the binary value of data inputs as the 
almost-full/almost-empty offset value (X). With DAF held low, a low pulse on RESET defines the 
almost-full/almost-empty (AF/AE) flag using X. 


D0-D17 26-19,17,15-7 


I 


Data inputs for 1 8-bit-wide data to be stored in the memory. A high-to-low transition of DAF captures 
data for the almost-empty/almost-full offset (X) from D8- DO. 


HF 36 


0 


Half-full flag. HF is high when the FIFO contains 512 or more words and is low when the number of 
words in memory is less than half the depth of the FIFO. 


IR 35 


0 


Input-ready flag. IR is high when the FIFO is not full and low when the device is full. During reset, IR 
is driven low on the rising edge of the second WRTCLK pulse. I R is then driven high on the rising edge 
of the second WRTCLK pulse after RESET goes high. After the FIFO is filled and IR is driven low, 
IR is driven high on the second WRTCLK pulse after the first valid read. 


OE 2 


I 


Output enable. The Q0-Q1 7 outputs are in the high-impedance state when OE is low. OE must be 
high before the rising edge of RDCLK to read a word from memory. 


OR 66 


0 


Output-ready flag. OR is high when the FIFO is not empty and low when the FIFO is empty. During 
reset, OR is set low on the rising edge of the third RDCLK pulse. OR is set high on the rising edge 
of the third RDCLK pulse to occur after the first word is written into the FIFO. OR is set low on the 
rising edge of the first RDCLK pulse after the last word is read. 


38-39,41-42, 44, 
™ ^ 46-47,49-50, 
Q °- Q17 52-53,55-56, 

58-59,61,63-64 


0 


Data outputs. The first data word to be loaded into the FIFO is moved to Q0-Q1 7 on the rising edge 
of the third RDCLK pulse to occur after the first valid write. RDEN1 and RDEN2 do not affect this 
operation. Following data is unloaded on the rising edge of RDCLK when RDEN1 , RDEN2, OE, and 
OR are high. 


RDCLK 5 


I 


Read clock. Data is read out of memory on the low-to-high transition of RDCLK if OR, OE, RDEN1 , 
and RDEN2 are high. RDCLK is a free-running clock and functions as the synchronizing clock for 
all data transfers out of the FIFO. OR is also driven synchronously with respect to the RDCLK signal. 


RDEN1, 4 
RDEN2 3 


I 


Read enable. RDEN1 and RDEN2 must be high before a rising edge on RDCLK to read a word out 
of memory. RDEN1 and RDEN2 are not used to read the first word stored in memory. 


RESET 1 


I 


Reset. A reset is accomplished by taking RESET low and generating a minimum of four RDCLK and 
WRTCLK cycles. This ensures that the internal read and write pointers are reset and that OR, HF, 
and IR are low, and AF/AE is high. The FIFO must be reset upon power up. With DAF at a low level, 
a low pulse on RESET defines AF/AE using the almost-full/almost-empty offset value (X), where X 
is the value previously stored. With DAF at a high level, a low-level pulse on RESET defines the 
AF/AE flag using the default value of X = 256. 



t Terminals listed are for the FN package. 
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Terminal Functions (Continued) 



TERMINAL!" 
NAME NO. 


I/O 


DESCRIPTION 


WRTCLK 29 


I 


Write clock. Data is written into memory on a low-to-high transition of WRTCLK if IR, WRTEN1 , and 
WRTEN2 are high. WRTCLK is a free-running clock and functions as the synchronizing clock for all 
data transfers into the FIFO. IR is also driven synchronously with respect to WRTCLK. 


WRTEN1, 30 
WRTEN2 31 


I 


Write enable. WRTEN1 and WRTEN2 must be high before a rising edge on WRTCLK for a word to 
be written into memory. WRTEN1 and WRTEN2 do not affect the storage of the almost-full/almost- 
empty offset value (X). 



t Terminals listed are for the FN package. 




AF/AE 



Vtnvalic 

■ * * * 



Define the AF/AE Flag Using the 
Programmed Value of X 



Store the Value of Data as X 
t X is the binary value on D8- DO. 

Figure 1. Reset Cycle: Define AF/AE Flag Using a Programmed Value of X 
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| Define the AF/AE Flag Using 
the Default Value of X = 256 

Figure 2. Reset Cycle: Define AF/AE Flag Using the Default Value fo X = 256 
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RESET 




DATA WORD NUMBERS 
FOR FLAG TRANSITIONS 



TRANSITION WORD 


A 


B 


C 


W513 


W(1025-X) 


W1025 



Figure 3. Write Cycle 
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RESET 

wrtclk r~i r~i m m n j~]_ iy _n n f~i 

i i 

WRTEN1 
WRTEN2 



D0-D17 





OE 
Q0-Q17 



W1 | ^fw^( W2 ) f 



tt— f I — w — f I — w — f I — s*- 



u — L m — 1/ it L- 




DATA WORD NUMBERS FOR FLAG TRANSITIONS 



TRANSITION WORD 


A 


B 


C D 


E 


F 


W513 


W514 


W(1024-X) W(1025-X) 


W1024 


W1025 



Figure 4. Read Cycle 
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absolute maximum ratings over operating free-air temperature ranget 



Supply voltage range, Vcc • -0.5 V to 7 V 

Input voltage, V| 7 V 

Voltage applied to a disabled 3-state output 5.5 V 

Operating free-air temperature range, 7a 0°C to 70°C 

Storage temperature range, T stg -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 



recommended operating conditions 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


v 


V|L 


Low-level input voltage 


0.8 


v 


'OH 


High-level output current 


-8 


mA 


"OL 


Low-level output current 


16 


mA 


T A 


Operating free-air temperature 


0 


70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP* 


MAX 


UNIT 


VOH 


Vcc - 4.5 V, 


Iqh - - 8 mA 


2.4 


V 


vol 


Vcc = 4.5 V, 


lOL^^mA 


0.5 


V 


ii 


VCC - 5.5 V, 


V|»VccorO 


±5 


ma 


ioz 


Vcc = 5.5 V, 


Vq ■ Vcc or 0 


±5 


ma 


icc§ 


V| = Vcc-0.2VorO 


400 


uA 


One input at 3.4 V, 


Other inputs at Vcc or GND 


1.2 


mA 




V| = 0, 


f - 1 MHz 


4 


PF 


c 0 


Vo-0, 


f * 1 MHz 


8 


PF 



$ All typical values are at Vcc - 5 V, Ta = 25°C. 
§ Ice tested with outputs open. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 4) 











'ACT7881-15 


ACT7881-20 


'ACT788i-30 


UNIT 










MIN MAX 


MIN 


MAX 


MIN MAX 


f c l 0C k Clock frequency 


67 


50 


33.4 


MHz 






WRTCLK high 


5 


7 


8.5 








WRTCLK low 


7 


7 


11 




t w Pulse duration 




RDCLK high 


5 


7 


8.5 


ns 






RDCLK low 


7 


7 


11 








DAF high 


7 


7 


10 








D0-D17 before WRTCLKT 


5 


5 


5 








WRTEN1 , WRTEN2 high before WRTCLKT 


4 


5 


5 








OE, RDEN1, RDEN2 high before RDCLKT 


4 


5 


5 




t su Setup time 




Reset: RESET low before first WRTCLKT and 
RDCLKTt 


C 

O 


6 


7 
/ 


ns 






Define AF/AE: D0-D8 before DAFi 


3 


5 


5 








Define AF/AE: DAF1 before RESETT 


3 


6 


7 








Define AF/AE (default): DAF high before RESETT 


4 


5 


5 








D0-D17 after WRTCLKT 


0 


0 


0 








WRTEN1 , WRTEN2 high after WRTCLKT 


0 


0 


0 








OE, RDEN1, RDEN2 high after RDCLKT 


0 


0 


0 




t n Hold time 




Reset: RESET low after fourth WRTCLKT and 
RDCLKTt 


0 


0 


0 


ns 






Define AF/AE: D0-D8 after DAFi 


0 


0 


0 








Define AF/AE: DAF low after RESETT 


0 


0 


0 








Define AF/AE (default): DAF high after RESETT 


0 


0 


0 




t To permit the clock pulse to be utilized for reset purposes 












switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figures 7 and 8) 


PARAMETER 




FROM 


TO 


'ACT7881-15 


ACT7881-20 


ACT7881-30 


UNIT 




(INPUT) 


(OUTPUT) 


MIN MAX 


MIN 


MAX 


MIN MAX 


fmax 


WRTCLK or RDCLK 




67 


50 


33.4 


MHz 




RDCLKt 


AnyQ 


3 12 


3 


13 


3 18 


ns 


t D d* 








tpd 


WRTCLKt 


IR 


2 8 


2 


9.5 


2 12 


ns 


tpd 


RDCLKT 


OR 


2 8 


2 


9.5 


2 12 


tpd 


WRTCLKT 


AF/AE 


6 17 


6 19 


6 22 


ns 


RDCLKT 


6 17 


6 


19 


6 22 


tPLH 


WRTCLKT 


HF 


6 14 


6 


17 


6 21 


ns 


tPHL 


RDCLKT 


6 14 


6 


17 


6 21 


tPLH 






AF/AE 


3 12 


3 


17 


3 21 


ns 


tPHL 




RESETi 


HF 


3 14 


3 


19 


3 23 


*en 


OE 


AnyQ 


2 9 


2 


11 


2 11 


ns 


*dis 


2 10 


2 


14 


2 14 



tThis parameter is measured with C|_ » 30 pF (see Figure 5). 
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operating characteristics, Vqc = 5 V, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


TYP 


UNIT 


Cpd Power dissipation capacitance per 1 K bits 


C|_ = 50pF, f = 5MHz 


65 


PF 



TYPICAL CHARACTERISTICS 



PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 



I 14 
n 13 



vcc 
-R L = 

T A = 


= 5V 
500 CI 










25°C 



















































































10' 1 1 - 1 — — L - 1 

0 50 100 150 200 250 300 



C|_ - Load Capacitance - pF 
Figure 5 
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TYPICAL CHARACTERISTICS 

POWER DISSIPATION CAPACITANCE 
vs 

SUPPLY VOLTAGE 



68 



67 



66 



65 



64 



62 



— I 
fl= 

TA 


I 

5 MHz 

= 25°C 
















sou 



































































































4.5 4.6 4.7 4.8 4.9 5 5.1 5.2 5.3 5.4 5.5 
Vqc - Supply Voltage - V 
Figures 

calculating power dissipation 

The maximum power dissipation (Pj) of the SN74ACT7881 can be calculated by: 

PT - V C C x PCC + (N x Alec * <*»] + »C p d x V CC 2 x fj) + S(C L x V CC 2 x 
where: 

'cc = power-down Ice maximum 

N » number of inputs driven by a TTL device 

AIqc = increase in supply current 

dc » duty cycle of inputs at a TTL high level of 3.4 V 

Cpd = power dissipation capacitance 

Cl = output capacitive load 

fj = data input frequency 

f 0 « data output frequency 
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From Output 
Under Test 



RL = 500Q 



PARAMETER MEASUREMENT INFORMATION 

Input j f 

Cl = 50 pF 



1.5 V 



3V 
OV 



-tpd 



Output 



-VI V, 



VOH 
V 



LOAD CIRCUIT 



TOTEM-POLE OUTPUTS 

Figure 7. Standard CMOS Outputs 



7V 



k Rl = 



R1 =R2 



S1 



R1 



From Output 
Under Test 



Test 
Point 



R2 



LOAD CIRCUIT 



Input 



1.5 V 



tpZL 



\ 1.5 V 



3V 



OV 



Output 



tpLZ ->| M- 

I I 



• « 3.5 V 



tpzH -H K- 



vol 

tPHZ -*l H- . " < 



0.3 V 



Output 




VOH 



S QV 



VOLTAGE WAVEFORMS 



PARAMETER 


R1,R2 




S1 


ten 


tPZH 


500 a 


50 pF 


Open 


tPZL 


Closed 


*dis 


tPHZ 


500 ft 


50 pF 


Open 


tPLZ 


Closed 


tpd 


500 a 


50 pF 


Open 



t Includes probe and test fixture capacitance 
Figure 8. 3-State Outputs (Any Q) 
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APPLICATION INFORMATION 

expanding the SN74ACT7881 

The SN74ACT7881 is expandable in both word width and word depth. Word-depth expansion is accomplished 
by connecting the devices in series such that data flows through each device in the chain. Figure 9 shows two 
SN74ACT7881 devices configured for word-depth expansion. The common clock between the devices can be 
tied to either the write clock (WRTCLK) of the first device or the read clock (RDCLK) of the last device. The 
output-ready flag (OR) of the previous device and the input-ready flag (IR) of the next device maintain data flow 
to the last device in the chain whenever space is available. 

Figure 1 0 shows two SN74ACT7881 devices in word-width expansion. Word-width expansion is accomplished 
by simply connecting all common control signals between the devices and creating composite input-ready (IR) 
and output-ready (OR) signals. The almost-full/almost-empty flag (AF/AE) and half-full flag (HF) can be sampled 
from any one device. Word-depth expansion and word-width expansion can be used together. 



CLK 

WRTCLK 
WRTEN1 
WRTEN2 
IR 

D0-D17 



SN74ACT7881 



WRTCLK RDCLK 
WRTEN1 OR 
WRTEN2 RDEN1 
IR RDEN2 
OE 

D0-D17 Q0-Q17 



5V 



SN74ACT7881 



V 



WRTCLK RDCLK 
WRTEN1 RDEN1 
WRTEN2 RDEN2 
IR OR 
OE 

D0-D17 Q0-Q17 



:> 



RDCLK 

RDEN1 

RDEN2 

OR 

OE 

Q0-Q17 



Figure 9. Word-Depth Expansion: 2048/4096/8192 Words x 18 Bits, N = 2 



SN74ACT7881 



WRTCLK • 
WRTEN - 



D18-D35 



IR 



D0-D17 



<3 



WRTCLK 
WRTEN1 
WRTEN2 
IR 

D0-D17 



RDCLK 
RDEN1 
RDEN2 
OR 
OE 
Q0-Q17 



SN74ACT7881 



WRTCLK 
WRTEN1 
WRTEN2 
IR 

D0-D17 



RDCLK 
RDEN1 
RDEN2 
OR 
OE 
Q0-Q17 



RDCLK 
RDEN 



:> 



OE 

Q18-Q35 



OR 



^>Q0-< 



Q17 



Figure 10. Word-Width Expansion: 1024 Words x 36 Bits 
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• Member of the Texas Instruments 
Widebus™ Family 

• Independent Asynchronous Inputs and 
Outputs 

• Read and Write Operations Can Be 
Synchronized to Independent System 
Clocks 

• Programmable Almost-Full/Almost-Empty 
Flag 

• Pin-to-Pin Compatible With SN74ACT7881, 
SN74ACT7884, and SN74ACT7811 



• Input-Ready, Output-Ready, and Half-Full 
Flags 

• Cascadable In Word Width and/or Word 
Depth 

• Fast Access Times of 11 ns With a 50-pF 
Load 

• High Output Drive for Direct Bus Interface 

• Available in 68-Pin PLCC (FN) or 
Space-Saving 80-Pin Shrink Quad Flat (PN) 
Packages 



FN PACKAGE 
(TOP VIEW) 



^ t- CM 

CD is. Q O UJ UJ 
t-y-t-ZQQQUJ 
QQ OO £ DC DC O 



or >°cd O r^O O (DO 



D14 
D13 
D12 
D11 
D10 
D9 

V C C 
D8 

GND 
D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 



]10 
]11 
]12 
]13 
]14 
]15 
]16 
]17 
]18 
]19 
]20 
]21 
]22 
]23 
]24 
]25 
]26 



LJLJLJLJLJLJULJLJULJLJULJLJLJLJ 

9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61 



60 1 
59 1 
58 1 
57| 
56 1 
55 1 
54 1 
53 1 
52| 
51 
50 1 
49 1 
48 1 
47| 
46 1 
45 1 
44 1 

27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 

rnrnrirnnnrinrnrnrnrnrnrnrnnrn 



C v cc 

[ Q14 
C Q13 
[ GND 
C Q12 
[ Q11 
C V CC 
[ Q10 
C Q9 
[ GND 
C Q8 
[ Q7 
C V CC 
[ Q6 
[ Q5 
[ GND 
[ Q4 



U-Q^Z-CM O LLJ Q CC LL QOt-QOJOOq 

|q 0 Oujiij>q :o > G > 

DC DC DC 



Widebus is a trademark of Texas Instruments Incorporated. 

PRODUCT preview information concerns products In the formative or m . Copyright © 1 994, Texas Instruments Incorporated 

design phase of development Characteristic data and other mtm 

specifications are design goats. Texas Instruments reserves the right to H'0 IVv a 

change or discontinue these products without notice. ltXAo 
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PN PACKAGE 
(TOP VIEW) 



nnnnnnnnnnnnnnnnnnnn 





r 80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 




nh r 


1 


• 




60 


J vcc 




2 






59 


J V CC 


GND [ 


3 






58 


] NC 


oifi r 


4 






57 


1 Q3 
j w<j 


017 r 


5 






56 


1 OP 


r 

V CC L 


6 






55 


] GND 


OR [ 


7 






54 


1Q1 


GND [ 


8 






53 


]Q0 


VccC 


9 






52 


]v C c 


RESET [ 


10 






51 


]HF 


OE[ 


11 






50 


]IR 


RDEN2 [ 


12 






49 


] GND 


RDEN1 [ 


13 






48 


] GND 


RDCLK [ 


14 






47 


] AF/AE 


GND [ 


15 






46 


]v C c 


D17[ 


16 






45 


] WRTEN2 


D16[ 


17 






44 


] WRTEN1 


D15[ 


18 






43 


] WRTCLK 


NC[ 


19 






42 


] GND 


NC[ 


20 






41 


]NC 




21 


22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 





NC - No internal connection 



description 

A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. The SN74ACT7882 is organized as 2048 x 1 8 bits. The SN74ACT7882 processes data at rates up 
to 67 MHz and access times of 1 1 ns in a bit-parallel format. Data outputs are noninverting with respect to the 
data inputs. Expansion is easily accomplished in both word width and word depth. 

The SN74ACT7882 has normal input-bus-to-output-bus asynchronous operation. The special enable circuitry 
adds the ability to synchronize independent reads and writes to their respective system clocks. 

The SN74ACT7882 is characterized for operation from 0°C to 70°C. 
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logic symbolt 



RESET 
WRTCLK 
WRTEN1 
WRTEN2 
RDCLK 
RDEN1 
OE 
RDEN2 
DAF 

DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 
D10 
D11 
D12 
D13 
D14 
D15 
D16 
D17 



29 



30 



31 



27 



0> 
FIFO 

SN74ACT7882 - 2048x18 



RESET 
> WRTCLK 

IN RDY 
HALF FULL 
ALMOST FULL/EMPTY 
OUT RDY 

RDEN 



& 



WRTEN 



RDCLK 



& 
EN1 



> DEF ALMOST FULL 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the FN package. 



35 



36 



33 



66 











26 


0 




0 


38 


25 




39 


24 








41 


23 








42 


22 








44 


21 








46 


20 








47 


19 








49 


17 








50 




| Data ^> | Data^> 1 V 




15 






52 


14 








53 


13 








55 


12 








56 


11 








58 


10 








59 


9 








61 


8 








63 


7 


17 




17 


64 









IR 
HF 

AF/AE 
OR 



Q0 

Q1 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 

Q8 

Q9 

Q10 

Q11 

Q12 

Q13 

Q14 

Q15 

Q16 

Q17 
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functional block diagram 

OE 



D0-D17 



RDCLK - 
RDEN1 - 
RDEN2 - 



WRTCLK - 
WRTEN1 - 
WRTEN2 - 



RESET 



DAF 



Synchronous 
Read 
Control 



Synchronous 
Write 
Control 



Reset Logic 



Read 
Pointer 



Write 
Pointer 



Status- 
Flag 
Logic 



1 



Location 1 



Location 2 



RAM 
2048x18 



Register ^ > Q0-Q17 



OR 

IR 

HF 

AF/AE 
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Terminal Functions 



TERMINAL 
NAME NO. 


I/O 


DESCRIPTION 


AF/AE 33 


0 


Almost-full/almost-empty flag. The AF/AE boundary is defined by the almost-full/almost-empty offset 
value (X). This value can be programmed during reset or the default value of 256 can be used. AF/AE 
is high when the number of words in memory is less than or equal to X. AF/AE is also high when the 
number of words in memory is greater than or equal to (2048 - X). 

Programming procedure for AF/AE is programmed during each reset cycle. The almost-full/almost- 
empty offset value (X) is either a user-defined value or the default of X « 256. Instructions to program 
AF/AE using both methods are as follows: 
User-defined X 

Step 1 : Take DAF from high to low. The low-to-high transition of DAF input stores the binary 
value on the data inputs as X. The following bits are used, listed from most significant 
bit to least significant bit D9-D0. 

Step 2: If RESET is not already low, take RESET low. 
Step 3: With DAF held low, take RESET high. This defines AF/AE using X. 
Step 4: To retain the current offset for the next reset, keep DAF low. 
Default X 

To redefine AF/AE using the default value of X = 256, hold DAF high during the reset cycle. 


DAF 27 


I 


Define-almost-full. The high-to-low transition of DAF stores the binary value of data inputs as the 
aimost-tuii/aimost-empty offset value (a), with UAr neid low, a low puise on ntot i aeiines tne 
almost-full/almost-empty (AF/AE) flag using X. 


D0-D17 26-19,17,15-7 


I 


Data inputs for 1 8-bit-wide data to be stored in the memory. A high-to-low transition on DAF captures 
data for the almost-empty/almost-full offset (X) from D9-D0. 


HF 36 


0 


Half-full flag. HF is high when the FIFO contains 1024 or more words and is low when the number 
of words in memory is less than half the depth of the FIFO. 


IR 35 


0 


Input-ready flag. IR is high when the FIFO is not full and low when the device is full. During reset, IR 
is driven low on the rising edge of the second WRTCLK pulse. IR is then driven high on the rising edge 
of the second WRTCLK pulse after RESET goes high. After the FIFO is filled and IR is driven low, 
IR is driven high on the second WRTCLK pulse after the first valid read. 


OE 2 


I 


Output enable. The Q0-Q1 7 outputs are in the high-impedance state when OE is low. OE must be 
high before the rising edge of RDCLK to read a word from memory. 


OR 66 


0 


Output-ready flag. OR is high when the FIFO is not empty and low when it is empty. During reset, 
OR is set low on the rising edge of the third RDCLK puise. OR is set high on the rising edge of the 
third RDCLK pulse to occur after the first word is written into the FIFO. OR is set low on the rising 
edge ot tne first huulk pulse after the last word is read. 


38-39,41-42, 44, 

Q0-Q17 46 - 47 ' 49 - 50 ' 
UU U " 52-53,55-56, 

58-59,61,63-64 


0 


Data out. The first data word to be loaded into the FIFO is moved to Q0-Q17 on the rising edge of 
the third RDCLK pulse to occur after the first valid write. RDEN1 and RDEN2 do not affect this 
operation. Following data is unloaded on the rising edge of RDCLK when RDEN1 , RDEN2, OE, and 
OR are high. 


RDCLK 5 


I 


Read clock. Data is read out of memory on the low-to-high transition at RDCLK if OR, OE, and 
RDEN1 and RDEN2 are high. RDCLK is a free-running clock and functions as the synchronizing 
clock for all data transfers out of the FIFO. OR is also driven synchronously with respect to RDCLK. 


RDEN1, 4 
RDEN2 3 


I 


Read enable. RDEN1 and RDEN2 must be high before a rising edge on RDCLK to read a word out 
of memory. RDEN1 and RDEN2 are not used to read the first word stored in memory. 


RESET 1 


I 


Reset. A reset is accomplished by taking RESET low and generating a minimum of four RDCLK and 
WRTCLK cycles. This ensures that the internal read and write pointers are reset and that OR, HF, 
and IR are low, and AF/AE is high. The FIFO must be reset upon power up. With DAF at a low level, 
a low pulse on RESET defines AF/AE using the almost-full/almost-empty offset value (X), where X 
is the value previously stored. With DAF at a high level, a low-level pulse on RESET defines the 
AF/AE flag using the default value of X = 256. 
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Terminal Functions (continued) 



TERMINAL 
NAME NO. 


I/O 


DESCRIPTION 


WRTCLK 29 


I 


Write clock. Data is written into memory on a low-to-high transition of WRTCLK if IR, WRTEN1 , and 
WRTEN2 are high. WRTCLK is a free-running clock and functions as the synchronizing clock for all 
data transfers into the FIFO. IR is also driven synchronously with respect to WRTCLK. 


WRTEN1, 30 
WRTEN2 31 


I 


Write enable. WRTEN1 and WRTEN2 must be high before a rising edge on WRTCLK for a word to 
be written into memory. WRTEN1 and WRTEN2 do not affect the storage of the almost-full/almost- 
empty offset value (X). 




OE 
Q0-Q17 
OR 



nvalid 



AF/AE 



VVlnvairdW] 
HF <X Invalldf y>0 



IR 



Define the AF/AE Flag Using the 
Value of X 



Store the Value of Data as X 

t X is the binary value on D9- DO. 

Figure 1. Reset Cycle: Define AF/AE Using a Programmed Value of X 
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RESET 



DAF Don't Care 




| Define the AF/AE Flag Using 
the Default Value of X = 256 

Figure 2. Reset Cycle: Define AF/AE Using the Default Value 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



7-103 



SN74ACT7882 

2048 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 



SCAS445- JUNE 1994 



"0 

a 
o 
u 
c 
o 

H 
"0 

m 
m 



RESET 
DAF 
WRTCLK 
WRTEN1 
WRTEN2 

D0-D17 
RDCLK 
RDEN1 
RDEN2 

0 E 
Q0-Q17 

OR 

AF/AE 

HF 

IR 



4*- 



invalid 



W1 



1_ 



DATA WORD NUMBERS FOR FLAG TRANSITIONS 



TRANSITION WORD 


A 


B 


C 


W1025 


W(2049-X) 


W2049 



Figure 3. Write 
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RESET 



DAF MSMte^^ 




D0-D17 



3X 




OE | 
Q0-Q17 
OR 
AF/AE 
HF 
IR 



-to — f I— ss — f I — w — f I — s*- 



U I/— -W 1/ K 1/ 




DATA WORD NUMBERS FOR FLAG TRANSITIONS 



TRANSITION WORD 


A 


B 


C D 


E 


F 


W1025 


W1030 


W(2048-X) W(2049-X) 


W2048 


W2049 



UJ 

> 

UJ 

cc 

CL 
I- 

o 

Q 

O 
CC 
Q_ 



Figure 4. Read 
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absolute maximum ratings over operating free-air temperature ranget 



Supply voltage range, Vcc • • • • • • • V to 7 V 

Input voltage, V| 7 V 

Voltage applied to a disabled 3-state output 5.5 V 

Operating free-air temperature range, 7^ ■ 0°C to 70°C 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 



recommended operating conditions 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


V 


V|L 


Low-level input voltage 


0.8 


V 


'OH 


High-level output current 


-8 


mA 


lOL 


Low-level output current 


16 


mA 


ta 


Operating free-air temperature 


0 


70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt 


MAX 


UNIT 


VOH 


VCC = 4.5 V, 


lOH - " 8 ™A 


2.4 


V 


vol 


Vcc - 4.5 V, 


IOL=16mA 


0.5 


V 


ii 


VCC = 5.5 V, 


V| = Vcc orO 


±5 


ma 


ioz 


Vcc = 5.5 V, 


v O = V CC ° r 0 


±5 


uA 


icc§ 


V| = Vcc-0.2VorO 


400 


uA 


One input at 3.4 V, 


Other inputs at Vcc or ^ ND 


1 


mA 


Cj 


V| = 0, 


f = 1 MHz 


4 


PF 


c 0 


Vq = 0, 


f - 1 MHz 


8 


PF 



$ All typical values are at Vcc = 5 V, Ta = 25°C. 
§ Ice tested with outputs open. 
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timing requirements over recommended ranges of 
temperature (see Figures 1 through 4) 



supply voltage and operating free-air 











ACT7882-15 


'ACT7882-20 


'A/*T"7QQO OA 

AO 1 f ooJc-oO 


UNIT 










MIN 


MAX 


MIN 


MAX 


MIKI MAY 
Ml IN MAA 


fclock Clock frequency 


67 


50 


*J*5 A 

ooA 


MU-r 

MMZ 






WRTCLK high 


6 


7 


8.5 








WRTCLK low 


6 


7 


11 




t w Pulse duration 




RDCLK high 


6 


7 


8.5 


ns 






RDCLK low 


6 


7 


11 








DAF high 


6 


7 


10 








Data in (D0-D17) before WRTCLKT 


4 


5 


5 








WRTEN1 , WRTEN2 high before WRTCLKT 


4 


5 


5 








OE, RDEN1, RDEN2 high before RDCLKT 


4 


5 


5 




t su Setup time 




Reset: RESET low before first WRTCLKT and 
RDCLKTt 


5 


6 


7 


ns 






Define AF/AE: D0-D8 before DAFi 


4 


5 


5 








Define AF/AE: DAFI before RESETT 


5 


6 


7 








Define AF/AE (default): DAF high before RESETT 


4 


5 


5 








Data in (D0-D17) after WRTCLKT 


0 


0 


0 








WRTEN1, WRTEN2 high after WRTCLKT 


0 


0 


1 








OE, RDEN1, RDEN2 high after RDCLKT 


0 


0 


1 




t n Hold time 




Reset: RESET low after fourth WRTCLKT and 
RDCLKTt 


0 


0 


0 


ns 






Define AF/AE: D0-D8 after DAFi 


0 


0 


1 








Define AF/AE: DAF low after RESETT 


0 


0 


0 








Define AF/AE (default): DAF high after RESETT 


0 


0 


1 




t To permit the clock pulse to be utilized for reset purposes 














switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C[_ = 50 pF (unless otherwise noted) (see Figures 7 and 8) 


PARAMETER 




FROM 


TO 


'ACT7882-15 


'ACT7882-20 


ACT7882-30 


UNIT 




(INPUT) 


(OUTPUT) 


MIN 


MAX 


MIN 


MAX 


MIN MAX 


Wx 


WRTCLK or RDCLK 




67 


50 


33.4 


MHz 


tpd 


RDCLKt 


Any Q 


4 


11 


4 


13 


4 18 


ns 


tpd* 








tpd 


WRTCLKt 


IR 


2 


9 


2 


9.5 


2 12 


ns 


tpd 


RDCLKT 


OR 


2 


9 


2 


9.5 


2 12 


tpd 


WRTCLKT 


AF/AE 


6 


17 


6 


19 


6 22 


ns 


RDCLKT 


6 


17 


6 


19 


6 22 


tPLH 


WRTCLKT 


HF 


6 


15 


6 


17 


6 21 


ns 


tPHL 


RDCLKT 


6 


15 


6 


17 


6 21 


tPLH 






AF/AE 


3 


16 


3 


17 


3 21 


ns 


tPHL 




reset! 


HF 


4 


18 


4 


19 


4 23 


*en 


OE 


Any Q 


2 


11 


2 


11 


2 11 


ns 


*dis 


2 


14 


2 


14 


2 14 



UJ 

> 

UJ 
CC 
Q_ 

I- 
O 
-> 
Q 
O 
CC 
O. 



$ This parameter is measured with C|_ = 30 pF (see Figure 5). 
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operating characteristics, V C c = 5 V, T A = 25°C 



PARAMETER 


TEST CONDITIONS 


TYP 


UNIT 


Cpd Power dissipation capacitance per 1 K bits 


C|_ = 50pF, f = 5MHz 


65 


PF 



TYPICAL CHARACTERISTICS 



PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 



"0 
DO 
O 
D 
C 

o 

— I 
"0 

JJ 
m 

m 
* 



c 

I 

§ 
>» 



0. 

I 



v C c 
-Rl = 
t a = 


,5V 
500 ft 










25°C 




















































































50 100 150 200 250 
Cl - Load Capacitance - pF 
Figure 5 



300 
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TYPICAL CHARACTERISTICS 

POWER DISSIPATION CAPACITANCE 
vs 

SUPPLY VOLTAGE 



68 



4 

§. 66 



65 



64 



OL 
I 



63 



62 



fl = 


I 

5 MHz 
= 25°C 
















= ov 



































































































4.5 4.6 4.7 4.8 4.9 5 5.1 5.2 5.3 5.4 5.5 
Vqc - Supply Voltage - V 
Figure 6 

calculating power dissipation 

The maximum power dissipation (Pt) of the SN74ACT7882 can be calculated using: 

PT - V C C x [ICC + (N x Alec * <te)] + »Cpd x V CC 2 x fj) + I(C L x V cc 2 x i 0 ) 
where: 

Iqc = power-down Ice maximum 

N = number of inputs driven by a TTL device 

Alec = increase in supply current 

dc = duty cycle of inputs at a TTL high level of 3.4 V 

C pC | = power dissipation capacitance 

Cl = output capacitive load 

fj = data input frequency 

f 0 = data output frequency 



LU 

> 
LU 
CC 
Q. 

5 

a 
o 

CC 
Q_ 
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From Output 
Under Test 



PARAMETER MEASUREMENT INFORMATION 

-j 



Input 



R L = 500 Q 



Cl = 50 pF 



tpd- 



k-tpd 



Output 



3V 
0V 

3V 
OV 



LOAD CIRCUIT TOTEM-POLE OUTPUTS 

Figure 7. Standard CMOS Outputs 



3V 



7V 



R1 =R2 



S1 



R1 



From Output 
Under Test 



C L : 



Test 
Point 



R2 



LOAD CIRCUIT 



Input 



tpZL 



«3.5V 



Output 



Output 




VOLTAGE WAVEFORMS 



PARAMETER 


R1.R2 


c L t 


S1 


ten 


tpZH 


500 Q 


50 pF 


Open 


tpZL 


Closed 


tdis 


tPHZ 


500 Q 


50 pF 


Open 


tPLZ 


Closed 


tpd 


500 ft 


50 pF 


Open 



t Includes probe and test fixture capacitance 
Figure 8. 3-State Outputs (Any Q) 
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APPLICATION INFORMATION 

expanding the SN74ACT7882 

The SN74ACT7882 is expandable in both word width and word depth. Word-depth expansion is accomplished 
by connecting the devices in series such that data flows through each device in the chain. Figure 9 shows two 
SN74ACT7882 devices configured for depth expansion. The common clock between the devices can be tied 
to either the write clock (WRTCLK) of the first device or the read clock (RDCLK) of the last device. The 
output-ready flag (OR) of the previous device and the input-ready flag (IR) of the next device maintain data flow 
to the last device in the chain whenever space is available. 

Figure 10 is an example of two SN74ACT7882 devices in word-width expansion. Width expansion is 
accomplished by simply connecting all common control signals between the devices and creating composite 
input-ready (IR) and output-ready (OR) signals. The almost-full/almost-empty flag (AF/AE) and half-full flag 
(HF) can be sampled from any one device. Depth expansion and width expansion can be used together. 



CLOCK 

WRTCLK 
WRTEN1 
WRTEN2 
IR 

D0-D17 



SN74ACT7882 



WRTCLK RDCLK 
WRTEN1 OR 
WRTEN2 RDEN1 
IR RDEN2 
OE 

D0-D17 Q0-Q17 



SN74ACT7882 



5V 



WRTCLK RDCLK 
WRTEN1 RDEN1 
WRTEN2 RDEN2 
IR OR 
OE 

D0-D17 Q0-Q17 



:> 



RDCLK 

RDEN1 

RDEN2 

OR 

OE 

Q0-Q17 



Figure 9. Word-Depth Expansion: 2048/4096/8192 Words x 18 Bits, N = 2 



SN74ACT7882 



WRTCLK - 
WRTEN - 



D18-D35 



IR- 



D0-D17 



WRTCLK 
WRTEN1 

WRTEN2 
IR 

D0-D17 



RDCLK 
RDEN1 
RDEN2 
OR 
OE 
Q0-Q17 



SN74ACT7882 



WRTCLK 
WRTEN1 
WRTEN2 
IR 

D0-D17 



RDCLK 
RDEN1 
RDEN2 
OR 
OE 
Q0-Q17 



RDCLK 
RDEN 



OE 

Q18-Q35 



OR 



Q0-Q17 



Figure 10. Word-Depth Expansion: 2048 Words x 36 Bits 
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Members of the Texas Instruments 
Widebus™ Family 

Independent Asynchronous Inputs and 
Outputs 

Read and Write Operations Can Be 
Synchronized to Independent System 
Clocks 

Programmable Almost-Full/Almost-Empty 
Flag 

Pin-to-Pin Compatible With SN74ACT7881, 
SN74ACT7882, and SN74ACT7811 



• Input-Ready, Output-Ready, and Half-Full 
Flags 

• Cascadable in Word Width and/or Word 
Depth 

• Fast Access Times of 11 ns With a 50-pF 
Load 

• High Output Drive for Direct Bus Interface 

• Available in 68-Pin PLCC (FN) or 
Space-Saving 80-Pin Shrink Quad Flat (PN) 
Packages 



FN PACKAGE 
(TOP VIEW) 



*T CM 

J z z 

mto N Q O ui UJ 

•J-i-t^ZQQQLLI 
OOQOCCCCCCO 



CC > v O O 



ON _ 

^5 ood 



£ X£ ^Z £ 



D14 
D13 
D12 
D11 
D10 
D9 

V C C 
D8 

GND 
D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 



/ LJLJLJLJLJLJLJUUULJULJLJLJLJU — 

- 9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61 r 

J10 60 [ V cc 

111 59[ Q14 

112 58[ Q13 

113 57[ GND 

114 56[ Q12 

115 55[ Q11 
] 16 54[ V CC 

117 53[ Q10 

118 62[ Q9 

119 51 [ GND 

120 50[ Q8 

121 49[ Q7 

122 48[ V CC 

123 47[ Q6 

124 46[ Q5 

125 45[ GND 

126 44[ 
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 

I nnnnnnnnnnnnnnnnn 



Q4 



Q ^ -v- CM 

< Z 7^ Z Z - 

IQ o P £ > 

CC OC CC 



--OCU-OO^-Q 
LL O > (D > 



S 8 8 



Widebus is a trademark of Texas Instruments Incorporated. 



PRODUCT PREVIEW information concerns products In the formative or — Copyright © 1 994, Texas Instruments Incorporated 

design phase of development Characteristic data and other Wim 
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PN PACKAGE 
(TOP VIEW) 





lO O ^ CO g g CM r- O <=> 9 
t- Q 1- r- Z Z r- t- o T - <3> Z 

v nnnnnnnocinaQ 


oo n. o 5S iS 

a o :> a a 

i — 1 1 — 1 1 — 1 1 — 1 1 — i 


a Q 
Z Z «fr 

o o O 

i— ir-ir— i 






f 80 79 78 77 76 75 74 73 72 71 70 69 


68 67 66 65 64 63 62 61 




NC [ 










• 




60 


]v C c 


GND [ 


2 












59 


]v C c 


GND [ 


3 












58 


] NC 


Q16[ 


4 












57 


]Q3 


Q17[ 


5 












56 


JQ2 


\i r 
VCCL 


6 












55 


] GND 


OR [ 














54 


]Q1 


GND [ 


8 












53 


JQ0 


VccC 


9 












52 


]v C c 


RESET [ 


10 












51 


JHF 


OEL 


11 












50 


1 in 


RDEN2 [ 


12 












49 


] GND 


RDEN1 [ 


13 












48 


] GND 


RDCLK T 


14 












47 


] AF/AE 


GND [ 


15 












46 


]v C c 


D17[ 


16 












45 


] WRTEN2 


D16[ 


17 












44 


] WRTEN1 


D15[ 


18 












43 


] WRTCLK 


NC[ 


19 












42 


]GND 


NC[ 


20 












41 


]NC 




21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 






LJLJ 
O ^ 
2 5 


l_JL_JL_JL_JL_JLJL_JLJl_ILJ 
00 C\J t- O CD Q0OQ S (O 

T-T-T-T-Q QQ^QQ 

Q Q Q Q > g 


L_JLJI_JLJI_JLJLJLJ 
ifl t CO CM r- O ILL Q 





NC - No internal connection 



description 

A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. The SN74ACT7884 is organized as 4096 x 1 8 bits. The SN74ACT7884 processes data at rates up 
to 67 MHz and access times of 11 ns in a bit-parallel format. Data outputs are noninverting with respect to the 
data inputs. Expansion is easily accomplished in both word width and word depth. 

The SN74ACT7884 has normal input-bus-to-output-bus asynchronous operation. The special enable circuitry 
adds the ability to synchronize independent reads and writes to their respective system clocks. 

The SN74ACT7884 is characterized for operation from 0°C to 70°C. 
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logic symbolt 



RESET 
WRTCLK 
WRTEN1 
WRTEN2 
RDCLK 
RDEN1 
OE 
RDEN2 
DAF 

DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 
D10 
D11 
D12 
D13 
D14 
D15 
D16 
D17 



29 



30 



31 



27 



FIFO 

SN74ACT7884 - 4096 x 1 8 



RESET 
> WRTCLK 

IN RDY 
HALF FULL 
RDCLK ALMOST FULL/EMPTY 
& OUT RDY 

EN1 RDEN 



WRTEN 



^> DEF ALMOST FULL 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the FN package. 



35 



36 



33 



66 





h 






26 


0 




0 


38 


25 




39 


24 








41 


23 








42 


22 








44 


21 








46 


20 








47 


19 








49 


17 








50 




| Data > | Data^ 1 V 




15 






52 


14 








53 


13 








55 


12 








56 


11 








58 


10 








59 


9 








61 


8 








63 


7 


17 




17 


64 









IR 
HF 

AF/AE 
OR 



Q0 

Q1 

02 

Q3 

Q4 

05 

Q6 

Q7 

08 

Q9 

Q10 

011 

Q12 

Q13 

Q14 

Q15 

Q16 

Q17 
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functional block diagram 

OE— • 



D0-D17 



RDCLK- 
RDEN1- 
RDEN2- 



WRTCLK- 
WRTEN1- 
WRTEN2- 



RESET- 



DAF- 



Synchronous 
Read 
Control 



Synchronous 
Write 
Control 



Reset Logic 



Read 
Pointer 



Write 
Pointer 



I 



Location 1 



Location 2 



RAM 

4096x18 



Sz. 



Status- 
Flag 
Logic 



Register 



=otx> 



Q0-Q17 

OR 

IR 

HF 

AF/AE 
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Terminal Functions 



TERMINAL 
NAME NO. 


I/O 


DESCRIPTION 


AF/AE 33 


0 


Almost-full/almost-empty flag. The AF/AE boundary is defined by the almost-full/almost-empty offset 
value (X). This value can be programmed during reset or the default value of 256 can be used. AF/AE 
is high when the number of words in memory is less than or equal to X. AF/AE is also high when the 
number of words in memory is greater than or equal to (4096 - X). 

Programming procedure for AF/AE is programmed during each reset cycle. The almost-full/almost- 
empty offset value (X) is either a user-defined value or the default of X = 256. Instructions to program 
AF/AE using both methods are as follows: 

User-defined X 

Step 1 : Take DAF from high to low. The low-to-high transition of DAF stores the binary value 
on the data inputs as X. The following bits are used, listed from most significant bit 
to least significant bit D1 0 - DO. 

Step 2: If RESET is not already low, take RESET low. 

Q+an With HAP halrl \r\\u falsa DPQPT hinh Thie rlafinac AF/AF i icinrt V 

oiep 0. vviin ut\r rioia low, laKe ntot 1 nigri. 1 nis ueiinos nr/MC using a. 
Step 4: To retain the current offset for the next reset, keep DAF low. 
Default X 

To redefine AF/AE using the default value of X = 256, hold DAF high during the reset cycle. 


DAF 27 


I 


Define-almost-full. The high-to-low transition of DAF stores the binary value of data inputs as the 
almost-full/almost-empty offset value (X). With DAF held low, a low pulse on RESET defines the 
almost-full/almost-empty (AF/AE) flag using X. 


U\J—Ul( tD- Iv7, I/, IQ— # 


1 


Data inputs for 1 8-bit-wide data to be stored in the memory. A high-to-low transition on DAF captures 
data for the almost-empty/almost-full offset (X) from D10- DO. 


HF 36 


0 


Half-full flag. HF is high when the FIFO contains 2048 or more words and is low when the number 
of words in memory is less than half the depth of the FIFO. 


IR 35 


0 


Input-ready flag. IR is high when the FIFO is not full and low when the device is full. During reset, IR 
is driven low on the rising edge of the second WRTCLK pulse. I R is then driven high on the rising edge 
of the second WRTCLK pulse after RESET goes high. After the FIFO is filled and IR is driven low, 
IR is driven high on the second WRTCLK pulse after the first valid read. 


OE 2 


1 


Output enable. The Q0-Q1 7 outputs are in the high-impedance state when OE is low. OE must be 
high before the rising edge of RDCLK to read a word from memory. 


OR 66 


0 


Output-ready flag. OR is high when the FIFO is not empty and low when it is empty. During reset, 
OR is set low on the rising edge of the third RDCLK pulse. OR is set high on the rising edge of the 
third RDCLK pulse to occur after the first word is written into the FIFO. OR is set low on the rising 
edge of the first RDCLK pulse after the last word is read. 


38-39,41-42, 44, 
Q0-Q17 4 6-47, 49-50, 
Q0 Q17 52 -53,55-56, 

58-59,61,63-64 


0 


Data out. The first data word to be loaded into the FIFO is moved to Q0-Q17 on the rising edge of 
the third RDCLK pulse to occur after the first valid write. RDEN1 and RDEN2 do not affect this 
operation. Following data is unloaded on the rising edge of RDCLK when RDEN1 , RDEN2, OE, and 
OR are high. 


RDCLK 5 


1 


Read clock. Data is read out of memory on the low-to-high transition at RDCLK if OR, OE, RDEN1 , 
and RDEN2 are high. RDCLK is a free-running clock and functions as the synchronizing clock for 
all data transfers out of the FIFO. OR is also driven synchronously with respect to RDCLK. 


RDEN1, 4 
RDEN2 3 


1 


Read enable. RDEN1 and RDEN2 must be high before a rising edge on RDCLK to read a word out 
of memory. RDEN1 and RDEN2 are not used to read the first word stored in memory. 


RESET 1 


1 


Reset. A reset is accomplished by taking RESET low and generating a minimum of four RDCLK and 
WRTCLK cycles. This ensures that the internal read and write pointers are reset and that OR, HF, 
and IR are low, and AF/AE is high. The FIFO must be reset upon power up. With DAF at a low level, 
a low pulse on RESET defines AF/AE using the almost-full/almost-empty offset value (X), where X 
is the value previously stored. With DAF at a high level, a low-level pulse on RESET defines AF/AE 
using the default value of X = 256. 
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Terminal Functions (continued) 



TERMINAL 
NAME NO. 


I/O 


DESCRIPTION 


WRTCLK 29 


I 


Write clock. Data is written into memory on a low-to-high transition of WRTCLK if IR, WRTEN1 , and 
WRTEN2 are high. WRTCLK is a free-running clock and functions as the synchronizing clock for all 
data transfers into the FIFO. IR is also driven synchronously with respect to WRTCLK. 


WRTEN1, 30 
WRTEN2 31 


I 


Write enable. WRTEN1 and WRTEN2 must be high before a rising edge on WRTCLK for a word to 
be written into memory. WRTEN1 and WRTEN2 do not affect the storage of the almost-full/almost- 
empty offset value (X). 




Define the AF/AE Flag Using the 
Value of X 



Store the Value of Data as X 

t X is the binary value on D1 0- DO. 

Figure 1. Reset Cycle: Define AF/AE Using a Programmed Value of X 
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| Define the AF/AE Flag Using 
the Default Value of X = 256 

Figure 2. Reset Cycle: Define AF/AE Using the Default Value 
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RESET 



"0 
J3 
O 
D 

O 
H 

TJ 
3D 

m 
m 



DAF 
WRTCLK 
WRTEN1 
WRTEN2 



Don't Car 



IR 




DATA WORD NUMBERS FOR FLAG TRANSITIONS 



TRANSITION WORD 


A 


B 


C 


W2049 


W(4097 -X) 


W4097 



1_ 



Figure 3. Write 
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RESET 
DAF 
WRTCLK 
WRTEN1 
WRTEN2 
D0-D17 
RDCLK 
RDEN1 
RDEN2 
OE 
Q0-Q17 
OR 
AF/AE 
HF 
IR 



Don't Care 



J-U-TL 



!' 1 








i j — |__ 




H f L— W — f 1 — Vi — f ' — w — ^ 1 — f 1 


Ji — ' 




1 

1 1 








J r 




1 

1 1 1 








-irLi 

wiV—cwi 




1 

M 1/ It 1 










W3 r/^jX^V, A 




1 - ■ 

! 

— 1 1 


1 
1 


1 

1 


1 


1 
1 


1 




1 
1 







DATA WORD NUMBERS FOR FLAG TRANSITIONS 



TRANSITION WORD 


A 


B 


C D 


E 


F 


W2049 


W2050 


W(4096-X) W(4097-X) 


W4096 


W4097 



UJ 

> 
UJ 

cc 

Q_ 
I- 

o 

3 
Q 
O 

cc 

Q_ 



Figure 4. Read 
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absolute maximum ratings over operating free-air temperature ranget 



Supply voltage range, Vcc ■ -0.5 V to 7 V 

Input voltage, V| 7 V 

Voltage applied to a disabled 3-state output 5.5 V 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device/These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 



recommended operating conditions 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


V 


V|L 


Low-level input voltage 


0.8 


V 


•oh 


High-level output current 


-8 


mA 


lOL 


Low-level output current 


16 


mA 


T A 


Operating free-air temperature 


0 


70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP* 


MAX 


UNIT 


VOH 


Vcc = 4.5 V, 


| 0H = - 8 mA 


2.4 


V 


vol 


VCC = 4.5 V, 


IOL = 16 mA 


0.5 


V 


ii 


VCC = 5.5 V, 


V| = Vcc or0 


±5 


uA 


ioz 


Vcc = 5.5 V, 


Vq = V CC or 0 


±5 


ma 


icc§ 


V| = Vcc-0-2VorO 


400 


HA 


One input at 3.4 V, 


Other inputs at Vcc or GND 


1 


mA 


Cj 


V| = 0, 


f-1MHz 


4 


PF 


c 0 


Vq = 0, 


f = 1 MHz 


8 


PF 



t All typical values are at Vqc = 5 V, T/\ = 25°C. 
§ Iqc tested with outputs open. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 4) 





ACT7884-15 


ACT7884-20 


ACT7884-30 


UNIT 




MIN MAX 


MIN MAX 


MIN MAX 


f c |ock Clock frequency 


67 


50 


33.4 


MHz 




WRTCLK high 


6 


7 


8.5 






WRTCLKlow 


6 


7 


11 




t w Pulse duration 


RDCLK high 


6 


7 


8.5 


ns 




RDCLK low 


6 


7 


11 






DAF high 


6 


7 


10 






Data in (D0-D17) before WRTCLKt 


4 


5 


5 






WRTEN1, WRTEN2 high before WRTCLKt 


4 


5 


5 






OE, RDEN1, RDEN2 high before RDCLKt 


4 


5 


5 




t su Setup time 


Reset: RESET low before first WRTCLKT and 
RDCLKtt 


5 


6 


7 


ns 




Define AF/AE: D0-D8 before DAFi 


4 


5 


5 






Define AF/AE: DAFi before RESETT 


5 


6 


7 






Define AF/AE (default): DAF high before RESETT 


4 


5 


5 






Data in (D0-D17) after WRTCL Kt 


0 


0 


0 






WRTEN1 , WRTEN2 high after WRTCLKt 


0 


0 


1 






OE, RDEN1 , RDEN2 high after RDCLKt 


0 


0 


1 




t n Hold time 


Reset: RESET low after fourth WRTCLKT and 
RDCLKtt 


0 


0 


0 


ns 




Define AF/AE: D0-D8 after DAFi 


0 


0 


1 






Define AF/AE: DAF low after RESETT 


0 


0 


0 






Define AF/AE (default): DAF high after RESETT 


0 


0 


1 





t To permit the clock pulse to be utilized for reset purposes 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figures 7 and 8) 



PARAMETER 


FROM 


TO 


ACT7884-15 


'ACT7884-20 


ACT7884-30 


UNIT 


(INPUT) 


(OUTPUT) 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


fmax 


WRTCLK or RDCLK 




67 


50 


33.4 


MHz 


tpd 


RDCLKt 


Any Q 


4 


11 


4 


13 


4 


18 


ns 


tpd* 








tpd 


WRTCLKt 


IR 


2 


9 


2 


9.5 


2 


12 


ns 


tpd 


RDCLKt 


OR 


2 


9 


2 


9.5 


2 


12 


tpd 


WRTCLKt 


AF/AE 


6 


17 


6 


19 


6 


22 


ns 


RDCLKt 


6 


17 


6 


19 


6 


22 


tPLH 


WRTCLKt 


HF 


6 


15 


6 


17 


6 


21 


ns 


tPHL 


RDCLKt 


6 


15 


6 


17 


6 


21 


tPLH 


RESETi 


AF/AE 


3 


16 


3 


17 


3 


21 


ns 


tPHL 


HF 


4 


18 


4 


19 


4 


23 


ten 


OE 


Any Q 


2 


11 


2 


11 


2 


11 


ns 


*dis 


2 


14 


2 


14 


2 


14 



$ This parameter is measured with C[_ = 30 pF (see Figure 5). 
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operating characteristics, Vcc = 5 V, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


TYP 


UNIT 


Cpd Power dissipation capacitance per 1 K bits 


CL = 50pF, f = 5MHz 


65 


PF 



TYPICAL CHARACTERISTICS 



PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 



"0 

o 
o 
c 
o 

H 
"O 

a 
m 
< 

m 



a> 
O 



& 
2 
a. 



vcc 

_Rl = 
t a = 


= 5V 
500 Q 










25°C 



















































































50 100 150 200 250 
Cl - Load Capacitance - pF 
Figure 5 



300 
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TYPICAL CHARACTERISTICS 

POWER DISSIPATION CAPACITANCE 
vs 

SUPPLY VOLTAGE 



u. 
a 

I 



8 

C 

.2 



68 



67 



66 



65 



64 



63 



62 



— I 
'1 = 

TA 


I 

5 MHz 
= 25°C 
















= ou 



































































































4.5 4.6 4.7 4.8 4.9 5 5.1 5.2 5.3 5.4 5.5 
Vcc - Supply Voltage - V 
Figure 6 

calculating power dissipation 

The maximum power dissipation (Pj) of the SN74ACT7884 can be calculated using: 

PT = V C C x DOC + (N x Alec x dc)] + S(C pd x V CC 2 x f j) + I(C L x V cc 2 x f 0 ; 
where: 



'cc 

N 

Alec 
dc 

c pd 

Cl 

fi 

fn 



power-down lee maximum 

number of inputs driven by a'TTL device 

increase in supply current 

duty cycle of inputs at a TTL high level of 3.4 V 

power dissipation capacitance 

output capacitive load 

data input frequency 

data output frequency 



LLJ 

> 
UJ 

oc 

CL 



Q 

O 

OC 
CL 
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From Output 
Under Test 



R|_ = 500 Q 



PARAMETER MEASUREMENT INFORMATION 

Input 

C|_ = 50 pF 



^1.5 V 



3 V 
0V 



I 



Output 



tpd-N k-tpd 

_7 



3 V 

1.5 V 

OV 



LOAD CIRCUIT TOTEM-POLE OUTPUTS 

Figure 7. Standard CMOS Outputs 



7V 



L R L = 



R1 = R2 



S1 



R1 



From Output 
Under Test 



C L : 



Test 
Point 



R2 



LOAD CIRCUIT 




«3.5V 



Output 



tPZH -H |«- 



!— -x- vol 

tPHZ -W N~ 7- 0.3 V 



i i- 



Output 




VOH 



*0V 



VOLTAGE WAVEFORMS 



PARAMETER 


R1,R2 


c L t 


S1 


ten 


tPZH 


500 Q 


50 pF 


Open 


tPZL 


Closed 


*dis 


tPHZ 


500 Q 


50 pF 


Open 


tPLZ 


Closed 


tpd 


500 Q 


50 pF 


Open 



t Includes probe and test fixture capacitance 
Figure 8. 3-State Outputs (Any Q) 
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APPLICATION INFORMATION 

expanding the SN74ACT7884 

The SN74ACT7884 is expandable in both word width and word depth. Word-depth expansion is accomplished 
by connecting the devices in series such that data flows through each device in the chain. Figure 9 shows two 
SN74ACT7884 devices configured for depth expansion. The common clock between the devices can be tied 
to either the write clock (WRTCLK) of the first device or the read clock (RDCLK) of the last device. The 
output-ready flag (OR) of the previous device and the input-ready flag (IR) of the next device maintain data flow 
to the last device in the chain whenever space is available. 

Figure 10 is an example of two SN74ACT7884 devices in word-width expansion. Width expansion is 
accomplished by simply connecting all common control signals between the devices and creating composite 
input-ready (IR) and output-ready (OR) signals. The almost-full/almost-empty flag (AF/AE) and half-full flag 
(HF) can be sampled from any one device. Depth expansion and width expansion can be used together. 



CLOCK 

WRTCLK 
WRTEN1 
WRTEN2 
IR 

D0-D17 



SN74ACT7884 



WRTCLK RDCLK 
WRTEN1 OR 
WRTEN2 RDEN1 
IR RDEN2 
OE 

D0-D17 Q0-Q17 



5V 



SN74ACT7884 



WRTCLK RDCLK 
WRTEN1 RDEN1 
WRTEN2 RDEN2 
IR OR 
OE 



D0-D17 



Q0-Q17 



RDCLK 

RDEN1 

RDEN2 

OR 

OE 

Q0-Q17 



Figure 9. Word-Depth Expansion: 2048/4096/8192 Words x 18 Bits, N = 2 



SN74ACT7884 



WRTCLK 
WRTEN 



D18-D35 



IR 



D0-D17 



WRTCLK 
WRTEN1 

WRTEN2 
IR 

D0-D17 



RDCLK 
RDEN1 
RDEN2 
OR 
OE 
Q0-Q17 



SN74ACT7884 



WRTCLK 
WRTEN1 
WRTEN2 
IR 

D0-D17 



RDCLK 
RDEN1 
RDEN2 
OR 
OE 
Q0-Q17 



< 

























o 



> 



RDCLK 
RDEN 



OE 

Q18-Q35 



OR 



^>Q0-« 



Q17 



Figure 10. Word-Depth Expansion: 4096 Words x 36 Bits 
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General Information 


1 


Telecom Single-Bit FIFOs 


T 


Reduced-Width FIFOs 


T 


9-Bit Clocked/Strobed FIFOs 


E 


8- and 0-Bit Asynchronous FIFOs 


5 


9-Bit Synchronous FIFOs 


6 


18-Bit Clocked FIFOs E2 


18-Bit Strobed FIFOs 


8 


Multi-Q™ 18-Bit FIFO 


9 


3.3-V Low-Powered 18-Bit FIFOs 


10 


DSP 32- and 36-Bit Clocked FIFOs 


11 


Internetworking 38-Bit Clocked FIFOs 


12 


High-Bandwidth Computing 36-Bit Clocked FIFOs 


13 


Military FIFOs 


14 


Application Reports 


15 


Mechanical Data 


16 
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18-BIT STROBED FIFOS 

Features Benefits 



• Members of Texas Instruments Widebus™ 
family 

• Advanced BiCMOS process 

• 0.8-p,m CMOS process 

• Support clock rates up to 67 MHZ 

• Fast access times 

• High drive capabilities 

• Depth from 1 6 to 2K words 

• Load/unload clock rising-edge triggered 

• Asynchronous load/unload clock 

• Grey-code flag architecture 

• Output edge control (OEC™) circuitry 

• Distributed V C c and GND 

• Fine-pitch package options 

• Available in EIAJ 80-pin TQFP packages 



Combine wider data-path capability with 
reduced package area 

Fast access time for improved system 
cycle time and performance 

Fast access times combined with low 
power 

Supports high-performance systems 

Access times as low as 12 ns for 
improved performance 

Drive capability as high as -12 mA to 
24 mA for high fanout and bus 
applications 

Allows greater system optimization 

Reduces timing and pulse-shaping 
requirements 

Independent read and write capabilities 

Eliminates race conditions 

Improved reliability 

Improved noise immunity and mutual 
coupling effects 

Significantly reduce critical board space 

Board-space savings of up to 70% over 
68-pin PLCC option 
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• Member of the Texas Instruments 
Widebus™ Family 

• Load Clock and Unload Clock Can Be 
Asynchronous or Coincident 

• 64 Words by 18 Bits 

• Low-Power Advanced CMOS Technology 

• Full, Empty, and Half-Full Flags 

• Programmable Almost-Full/Almost-Empty 
Flag 

• Fast Access Times of 15 ns With a 50-pF 
Load and All Data Outputs Switching 
Simultaneously 

• Data Rates From 0 to 50 MHz 

• 3-State Outputs 

• Pin Compatible With SN74ACT7804 and 
SN74ACT7806 

• Packaged in Shrink Small-Outline 300-mil 
(DL) Package Using 25-mil Center-to-Center 
Spacing 

description 

A FIFO memory is a storage device that allows 
data to be written into and read from its array at 
independent data rates. The SN74ACT7814 is a 
64-word by 18-bit FIFO for high speed and fast 
access times. It processes data at rates up to 
50 MHz and access times of 1 5 ns in a bit-parallel 
format. 

Data is written into memory on a low-to-high 
transition at the load clock (LDCK) input and is 

read out on a low-to-high transition at the unload clock (UNCK) input. The memory is full when the number of 
words clocked in exceeds the number of words clocked out by 64. When the memory is full, LDCK signals have 
no effect on the data residing in memory. When the memory is empty, UNCK signals have no effect. 



DL PACKAGE 


(TOP VIEW) 




RESET [ 


i J 

V-/ 

1 


56 


J OE 


D17 [ 


2 


55 


J U I / 


D16 [ 


3 


54 


J Q16 


D15 [ 


4 


53 


J U15 


D14 [ 


5 


52 


] GND 


D13 [ 


6 


51 


J U14 


D12 [ 


7 


50 


J V CC 


D11 [ 


8 


49 


J Ulo 


D10 [ 


9 


48 


J U12 


v C c [ 


10 


47 


J U11 


D9 [ 


11 


46 


J U10 


D8 [ 


12 


45 


] Q9 


GND [ 


13 


44 


] GND 


D7[ 


14 


43 


] Q8 


D6 [ 


15 


42 


J Q7 


D5 [ 


16 


41 


] Q6 


D4 [ 


17 


40 


J Q5 


D3 [ 


18 


39 


J V CC 


D2 [ 


19 


38 


J Q4 


D1 [ 


20 


37 


]Q3 


DO [ 


21 


36 


]Q2 


HF[ 


22 


35 


] GND 


PEN [ 


23 


34 


]Q1 


AF/AE [ 


24 


33 


]Q0 


LDCK [ 


25 


32 


] UNCK 


NC [ 


26 


31 


]NC 


NC [ 


27 


30 


]NC 


FULL [ 


28 


29 


] EMPTY 



Status of the FIFO memory is monitore d by the full (FULL), empty (EMPTY), half-full (HF), and 
almost-full/aimost-emp ty (AF/A E) flags. The FULL output is low when the memory is full and high when the 
memory is not full. The EMPTY output is low when the memory is empty and high when it is not empty. The HF 
output is high when the FIFO contains 32 or more words and is low when it contains 31 or less words. The AF/AE 
status flag is a programmable flag. The first one or two low-to-high transitions of LDCK after rese t are used to 
program the almost-empty offset value (X) and the almost-full offset value (Y) if program enable (PEN) is low. 
The AF/AE flag is high when the FIFO contains X or less words or (64 - Y) or more words. The AF/AE flag is 
low when the FIFO contains between (X + 1 ) and (63 - Y) words. 



Widebus is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA information Is current as otmiNlcatlon data. K . Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas instruments Wim 

standard warranty. Production processing does not necessarily include IVvac 

testing of all parameters. \f ItArVO 
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description (continued) 



A low le vel on the reset (RESET) input resets the internal stack pointers and sets FULL high, HF low, and 
EMPTY low. The Q outputs are not reset to any specific l ogic level. The FIFO must be reset upon power up. 
The first word loaded into empty memory causes EMPTY to go high and the data to appear on the Q outputs. 
It is important to note that the first word does not have to be unloaded. The data outputs are noninverting with 
respect to the data inputs and are in the high-impedance state when the output-enable (OE) input is high. 

The SN74ACT7814 is characterized for operation from 0°C to 70°C. 
logic symbolt 



RESET 
LDCK 
UNCK 

OE 
PEN 

DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 
D10 
D11 
D12 
D13 
D14 
D15 
D16 
D17 



25 



32 



56 



23 



21 



20 



19 



18 



17 



16 



15 



14 



12 



RESET 
> LDCK 
t> UNCK 



EN1 

^ PROGRAM ENABLE 



FIFO 64x18 
SN74ACT7814 



FULL 
HALF-FULL 
ALMOST FULL/EMPTY 
EMPTY 



17 



| Data^ > | Data^> 



1V 



17 



28 



22 



24 



29 



34 



36 



37 



38 



40 



41 



42 



43 



45 



46 



47 



48 



49 



51 



53 



54 



55 



FULL 
HF 

AF/AE 
EMPTY 



QO 

Q1 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 

Q8 

Q9 

Q10 

Q11 

Q12 

Q13 

Q14 

Q15 

Q16 

Q17 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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functional block diagram 

61 



D0-D17 



UNCK- 



LDCK- 



RESET - 
PEN - 



Read 
Pointer 



Write 
Pointer 



Reset 
Logic 



12: 



Status- 
Flag 
Logic 



1 



Location 1 



Location 2 



64x18 SRAM 



Location 63 



Location 64 



Q0-Q17 

EMPTY 

RJLL 

HF 

AF/AE 



Terminal Functions 



TERMINAL 
NAME NO. 


I/O 


DESCRIPTION 


AF/AE 24 


0 


Almost-full/almost-empty flag. Depth-offset values can be programmed for AF/AE, or the default value 
of 8 can be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AE is high when 
memory contains X or less words or (64 - Y) or more words. AF/AE is high after reset. 


oo- D17 


I 


1 8-bit data input port 


EMPTY 29 


0 


Empty flag. EMPTY is high when the FIFO memory is not empty; EMPTY is low when the FIFO memory 
is empty or upon assertion of RESET. 


RJLL 28 


0 


Full flag. FULL is high when the FIFO memory is not full or upon assertion of RESET; FULL is low when 
the FIFO memory is full. 


HF 22 


0 


Half-full flag. HF is high when the FIFO memory contains 32 or more words. HF is low after reset. 


LDCK 25 


I 


Load clock. Data is written to the FIFO on the rising edge of LDCK when FULL is high. 


OE 56 


I 


Output enable. When OE is high, the data outputs are in the high-impedance state. 


PEN 23 


I 


Program enable. After reset and before the first word is written to the FIFO, the binary value on DO - D4 
is latched as an AF/AE offset value when PEN is low and WRTCLK is high. 


33-34, 36-38, 
Q0-Q17 40-43,45-49, 
51,53-55 


0 


1 8-bit data output port 


RESET 1 


I 


Reset. A low level on RESET resets the FIFO and drives FULL high and HF and EMPTY low. 


UNCK 32 


I 


Unload clock. Data is read from the FIFO on the rising edge of UNCK when EMPTY is high. 
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offset values for AF/AE 

The almost-full/almost-empty flag has two programmable limits: the almost-empty offset value (X) and the 
almost-full offset value (Y). They can be programmed after the FIFO Is reset and before the first word Is written 
to memory. The AF/AE flag is high when the FIFO contains X or less words or (64 - Y) or more words. 

To program the offset values, program enable (PEN) can be brought low after reset only when LDCK is low. On 
the following low-to-high transition of LDCK, the binary value on D0-D4 is stored as the almost-empty offset 
value (X) and the almost-full offset value (Y). Holding PEN low for another low-to-high transition of LDCK 
reprograms Y to the binary value on D0-D4 at the time of the second LDCK low-to-high transition. Writes to 
the FIFO memory are disabled while the offsets are programmed. A ma ximum value of 31 can be programmed 
for either X or Y (see Figure 1). To use the default values of X = Y = 8, PEN must be held high. 



LDCK 



PEN 



D0-D4 <XXX Don't Car© OOOOC XandY Y Y Y 



EMPTY 



Figure 1. Programming X and Y Separately 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc V to 7 V 

Input voltage, V| 7 V 

Voltage applied to a disabled 3-state output 5.5 V 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 



recommended operating conditions 













'ACT7814-25 


Aw 1 ioi*f mt tv 


UNIT 










MIM MAY 
ml IN MAA 


MIN 


MAX 


MIM MAY 
WHIN MAA 


V CC 


Supply voltage 




4.0 0.0 


4.5 


5.5 


H.O O.O 


v 


V IH 


High-level input voltage 




O 
c. 


2 


O 
c. 


\j 


V|L 


Low-level input voltage 




0.8 


0.8 


0.8 


V 


'OH 


High-level output current 


Q outputs, Flags 


-8 


-8 


-8 


mA 


lOL 


Low-level output current 


Q outputs 


16 


16 


16 


mA 


Flags 


8 


8 


8 


f clock 


Clock frequency 




50 


40 


25 


MHz 








LDCK high or low 


7 


8 


12 






Pulse duration 


UNCK high or low 


7 


8 


12 


ns 


t w 


PEN low 


7 


8 


12 








RESET low 


10 


10 


12 










D0-D17 before LDCKt 


5 


5 


5 




*su 


Setup time 




PEN before LDCKT 


5 


5 


5 


ns 








LDCK inactive before RESET high 


5 


6 


6 










D0-D17 after LDCKt 


0 


0 


0 




th 


Hold time 




LDCK inactive after RESET high 


5 


6 


6 


ns 




PEN low after LDCKT 


3 


3 


3 








PEN high after LDCKi 


0 


0 


0 






Operating free-air temperature 


0 70 


0 


70 


0 70 


°c 


electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER 


TEST CONDITIONS 


MIN 


TYPt MAX 


UNIT 


VOH 


Vcc = 4.5V, 


Iqh - - 8 mA 






2.4 


V 


vol 


Flags 


VCC = 4.5V, 


Iql = 8 mA 






0.5 


V 


Q outputs 


V C C = 4.5V, 


IOL= 16mA 






0.5 


ii 


V C C = 5.5V, 


V| =Vcc or 0 






±5 


uA 


ioz 


Vcc = 5.5 V, 


Vq =Vcc or 0 






±5 


HA 


>cc 


V| = V<x-0.2VorO 


400 


MA 


AlGC § 


VCC = 5.5 V, 


One input at 3.4 V, Other inputs at Vcc or GND 


1 


mA 


Ci 


V| = 0, 


f = 1 MHz 






4 


PF 


Co 


Vq = 0, 


f = 1 MHz 






8 


PF 



* All typical values are at Vcc = 5 V, T A = 25°C. 

§ This is the supply current for each input that is at one of the specified TTL voltage levels rather 0 V or Vcc- 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figures 5 and 6) 



PARAMETER 


FROM 


TO 


ACT7814-20 


ACT7814-25 


ACT7814-40 


UNIT 


(INPUT) 


(OUTPUT) 


MIN 


TYPt 


MAX 


MIN 


MAX 


MIN 


MAX 


fmax 


LDCK or UNCK 




50 


40 


25 


MHz 


tpd 


LDCKT 




9 




20 


9 22 


9 


24 




unckT 


AnyQ 


6 


11.5 


15 


6 


18 


6 


20 


ns 


tpd* 


UNCKt 




10.5 








tPLH 


LDCKT 




6 




15 


6 


17 


6 


19 




tPHL 


UNCKt 


EMPTY 


6 




15 


6 


17 


6 


19 


ns 


RESET low 




4 




16 


4 


18 


4 


20 




tPHL 


LDCKT 




6 




15 


6 


17 


6 


19 




tPLH 


UNCKT 


fdli 


6 




15 


6 


17 


6 


19 


ns 


RESET low 




4 




18 


4 


20 


4 


22 




tpd 


LDCKT 




7 




18 


7 


20 


7 


22 




UNCKT 


AF/AE 


7 




18 


7 


20 


7 


22 


ns 


tPLH 


RESET low 




2 




10 


2 


12 


2 


14 




tPLH 


LDCKT 




5 




18 


5 


20 


5 


22 




tPHL 


UNCKT 


HF 


7 




18 


7 


20 


7 


22 


ns 


RESET low 




3 




12 


3 


14 


3 


16 




ten 


OE 


AnyQ 


2 




9 


2 


10 


2 


11 


ns 


tdis 


2 




10 


2 


11 


2 


12 



t All typical values are at Vqc = 5 V, T A = 25°C. 

$ This parameter is measured at Cl = 30 pF (see Figure 3). 



operating characteristics, Vqc = 5 V, = 25°C 



PARAMETER 


TEST CONDITIONS 


TYP 


UNIT 


Cpd 


Power dissipation capacitance per FIFO channel 


Outputs enabled 


CL = 50pF, f-5MHz 


53 


PF 



J? Texas 
Instruments 

POST OFFICE BOX 655303 •DALLAS, TEXAS 75265 8-9 



SN74ACT7814 
64x18 

STROBED FIRST-IN, FIRST-OUT MEMORY 

SCAS209A- APRIL 1992- REVISED SEPTEMBER 1995 



TYPICAL CHARACTERISTICS 



i= 
3 



PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 



typ + 8 
typ + 6 

typ + 4 



« typ + 2 



2 

Q. 

I 

a 



typ 



typ -2 



v cc 

— T* — ' 

■A = ' 
R L = 


= 5V 










CO \s 

500 a 











































































































50 100 150 200 250 
C|_ - Load Capacitance - pF 
Figure 3 



300 



< 

E 
i 

I 

3 



(0 

I 

o 



SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 



200 
180 
160 
140 
120 
100 
80 
60 
40 

20 
0 



I 

Ta = 75°C 












C|_ = ( 






vcc = 


5.5 V 










vcc = « 














































vcc = 


:4.5 V 



























































10 20 30 40 50 60 70 
f C |ock ~ Clock Frequency - MHz 
Figure 4 
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TYPICAL CHARACTERISTICS 

calculating power dissipation 

With lcc(f) taken from Figure 4, the maximum power dissipation (Pt) based on all data outputs changing states 
on each read can be calculated by: 

PT = Vcc x [ , CC(f) + (N x AI C C x dc)] + E(C L x V cc 2 x f 0 ) 

A more accurate power calculation based on device use and average number of data outputs switching can be 
found by: 

PT - V C C x Bcc + (N x AI CC x dc)] + 2(C pd x V CC 2 x fj) + 2(C L x V cc 2 x f 0 ) 
where: 

•cc = power-down Ice maximum 

N = number of inputs driven by a TTL device 

Alec = increase in supply current 

dc = duty cycle of inputs at a TTL high level of 3.4 V 

c pd = power dissipation capacitance 

Cl = output capacitive load 

fj = data input frequency 

f 0 = data output frequency 
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APPLICATION INFORMATION 



LDCK- 



D18-D35 



D0-D17 



SN74ACT7814 
LDCK UNCK- 



FULL 



D0-D17 



EMPTY 
OE 

Q0-Q17 



SN74ACT7814 
LDCK UNCK<f 



FULL 



D0-D17 



EMPTY 

OE 
Q0-Q17 



UNCK 




Q0-Q17 



Figure 5. Word-Width Expansion: 64 Words by 36 Bits 
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From Output . 
Under Test 



RL = 500 Q 



PARAMETER MEASUREMENT INFORMATION 

Input ^ 

tpd^ >j 

I 

Output J 



C L = 50 pF 



k — ^- t pd 



3V 
GND 



I 

v1 3V 

: 1.5 V 

0V 



LOAD CIRCUIT 



TOTEM-POLE OUTPUTS 



Figure 6. Standard CMOS Outputs (FULL, EMPTY, HF, AF/AE) 



7V 



S1 



R L = R1 = 



R2 



R1 



From Output 
Under Test 



C L : 



Test Point 



R2 



LOAD CIRCUIT 



Input 



1.5 V 



tPZL-^l |«- I 
' | t PLZ 



/1.5 V 



3V 



0V 



Output 



\ 



*3.5V 



1.5 V | I/ 

I 



•T— V OL 
tPHZ -H N- L 0.3V 
tpZH-H | _ J L_ 



Output 



Jf 1.5 V 




VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 



PARAMETER 


R1.R2 


c L t 


S1 




tPZH 


500 Q 


50 pF 


Open 


tpZL 


Closed 


tdis 


tPHZ 


500 Q 


50 pF 


Open 


tPLZ 


Closed 


tpd 


500 Q 


50 pF 


Open 



t Includes probe and test-fixture capacitance 

Figure 7. 3-State Outputs (Any Q) 
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DL PACKAGE 
(TOP VIEW) 



• Member of the Texas Instruments 
Widebus™ Family 

• Load Clock and Unload Clock Can Be 
Asynchronous or Coincident 

• 256 Words by 18 Bits 

• Low-Power Advanced CMOS Technology 

• Full, Empty, and Half-Full Flags 

• Programmable Almost-Full/Almost-Empty 
Flag 

• Fast Access Times of 15 ns With a 50-pF 
Load and All Data Outputs Switching 
Simultaneously 

• Data Rates From 0 to 50 MHz 

• 3-State Outputs 

• Pin Compatible With SN74ACT7804 and 
SN74ACT7814 

• Packaged in Shrink Small-Outline 300-mil 
(DL) Package Using 25-mil Center-to-Center 
Spacing 

description 

A FIFO memory is a storage device that allows 
data to be written into and read from its array at 
independent data rates. The SN74ACT7806 is a 
256-word by 18-bit FIFO for high speed and fast 
access times. It processes data at rates up to 
50 MHz and access times of 1 5 ns in a bit-parallel 
format. 

Data is written into memory on a low-to-high 
transition at the load clock (LOCK) input and is 

read out on a low-to-high transition at the unload clock (UNCK) input. The memory is full when the number of 
words clocked in exceeds the number of words clocked out by 256. When the memory is full, LDCK signals have 
no effect on the data residing in memory. When the memory is empty, UNCK signals have no effect. 



DCQCT T 
nCOC 1 L 


u 

1 


OD 


lOE 


ni7 r 


2 


55 


J yJi 1 


ni r r 


3 


54 


J vJID 


uio l 


4 


53 


J vj 10 


r\iA r 




52 


J OlNU 


m q r 

U I o i 


6 


51 


J VJ14 


mo r 


7 


50 


J V CC 


m 1 r 


8 


49 


J VjlvJ 


nm T 






1 019 
J w I c 


V CC L 


10 


47 


J vjll 


no r 


11 


46 


1 nm 

J VJIU 


nft r 
uo l 


12 


45 


1 HQ 


r^Mn T 


Id 


AA 

44 


1 nMn 


n7 r 

Uf i 


14 




1 

J VJO 


nfi r 




AO 


107 




16 


41 


1 Oft 
J wo 




17 


40 


J vJO 


r 




QQ 

oy 


J V CC 


D2 [ 


19 


38 


]Q4 


D1[ 


20 


37 


]Q3 


DO [ 


21 


36 


]Q2 


HF[ 


22 


35 


] GND 


PEN [ 


23 


34 


]Q1 


AF/AE [ 


24 


33 


]Q0 


LDCK [ 


25 


32 


] UNCK 


NC [ 


26 


31 


]NC 


NC [ 


27 


30 


]NC 


FULL [ 


28 


29 


] EMPTY 



Status of the FIFO memory is monitore d by the full (FULL), empty (EMPTY), half-full (HF), and 
almost-full/almost-empty (AF/A E) flags. The FULL output is low when the memory is full and high when the 
memory is not full. The EMPTY output is low when the memory is empty and high when it is not empty. The HF 
output is high when the FIFO contains 128 or more words and is low when it contains 127 or less words. The 
AF/AE status flag is a programmable flag. The first one or two low-to-high transitions of LDCK after res et are 
used to program the almost-empty offset value (X) and the almost-full offset value (Y) if program enable (PEN) 
is low. The AF/AE flag is high when the FIFO contains X or less words or (256 - Y) or more words. The AF/AE 
flag is low when the FIFO contains between (X + 1 ) and (255 - Y) words. 



Widebus is a trademark of Texas Instruments Incoi 



foorated^ 



publication date. ■ Copyright © 1 995, Texas Instruments Incorporated 

Texas Instruments ^^tilL 

testing of all parameters. lecessarily Include TEXAS 



Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
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description (continued) 



A low le vel on the reset (RESET) input resets the internal stack pointers and sets FULL high, HF low, and 
EMPTY low. The Q outputs are not reset to an y specifi c logic level. The FIFO must be reset upon power up.The 
first word loaded into empty memory causes EMPTY to go high and the data to appear on the Q outputs. It is 
important to note that the first word does not have to be unloaded. The data outputs are noninverting with respect 
to the data inputs and are in the high-impedance state when the output-enable (OE) input is high. 

The SN74ACT7806 is characterized for operation from 0°C to 70°C. 
logic symbolt 



RESET 
LDCK 
UNCK 



OE 
PlN 

DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 
D10 
D11 
D12 
D13 
D14 
D15 
D16 
D17 



25 



32 



56 



23 



21 



20 



19 



18 



17 



16 



15 



14 



12 



RESET 
LDCK 
UNCK 



^ EN1 



O 

FIFO 256x18 
SN74ACT7806 



FULL 
HALF-FULL 
ALMOST FULL/EMPTY 
EMPTY 



PROGRAM ENABLE 
3 



17 



Data 



^> | Data ^> 1V 



17 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 



28 



22 



24 



29 



33 



34 



36 



37 



38 



40 



41 



42 



43 



45 



46 



47 



48 



49 



51 



53 



54 



55 



FULL 
HF 

AF/AE 
EMPTY 



QO 

Q1 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 

Q8 

Q9 

Q10 

Q11 

Q12 

Q13 

Q14 

Q15 

Q16 

Q17 
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functional block diagram 

OE 



D0-D17 



UNCK- 



LDCK- 



RESET - 
PEN - 



Read 
Pointer 



Write 
Pointer 



Reset 
Logic 



1 



z 



Location 1 



Location 2 



256x18 SRAM 



Location 255 



Location 256 



Status- 
Flag 
Logic 



Q0-Q17 

EMPTY 

FULL 

HF 

AF/AE 



Terminal Functions 



TERMINAL 
NAME NO. 


I/O 


DESCRIPTION 


AF/AE 24 


0 


Almost-full/almost-empty flag. Depth-offset values can be programmed for AF/AE, or the default value 
of 32 can be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AE is high when 
memory contains X or less words or (256 - Y) or more words. AF/AE is high after reset. 




I 


1 8-bit data input port 


EMPTY 29 


0 


Empty flag. EMPTY is high when the FIFO memory is not empty; EMPTY is low when the FIFO memory 
is empty or upon assertion of RESET. 


FULL 28 


0 


Full flag. FULL is high when the FIFO memory is not full or upon assertion of RESET; FULL is low when 
the FIFO memory is full. 


HF 22 


0 


Half-full flag. HF is high when the FIFO memory contains 128 or more words. HF is low after reset. 


LDCK 25 


I 


Load clock. Data is written to the FIFO on the rising edge of LDCK when FULL is high. 


OE 56 


I 


Output enable. When OE is high, the data outputs are in the high-impedance state. 


PEN 23 


I 


Program enable. After reset and before the first word is written to the FIFO, the binary value on D0-D6 
is latched as an AF/AE offset value when PEN is low and WRTCLK is high. 


33-34, 36-38, 
Q0-Q17 40-43,45-49, 
51,53-55 


0 


1 8-bit data output port 


RESET 1 


I 


Reset. A low level on this input resets the FIFO and drives FULL high and HF and EMPTY low. 


UNCK 32 


I 


Unload clock. Data is read from the FIFO on the rising edge of UNCK when EMPTY is high. 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 8-1 7 



SN74ACT7806 
256x18 

STROBED FIRST-IN, FIRST-OUT MEMORY 

SCAS438A- APRIL 1992 - REVISED SEPTEMBER 1995 



offset values for AF/AE 

The almost-full/almost-empty flag has two programmable limits, the almost-empty offset value (X) and the 
almost-full offset value (Y). They can be programmed after the FIFO Is reset and before the first word is written 
to memory. The AF/AE flag is high when the FIFO contains X or less words or (256 - Y) or more words. 

To program the offset values, program enable (PEN) can be brought low after reset only when LDCK is low. On 
the following low-to-high transition of LDCK, the binary value on D0-D6 is stored as the almost-empty offset 
value (X) and the almost-full offset value (Y). Holding PEN low for another low-to-high transition of LDCK 
reprograms Y to the binary value on D0-D6 at the time of the second LDCK low-to-high transition. Writes to 
the FIFO memory are disabled while the offsets are programmed. A maxi mum v alue of 1 27 can be programmed 
for either X or Y (see Figure 1). To use the default values of X = Y = 32, PEN must be held high. 



RESET 



LDCK 



r 



PEN \ /////A Don't Care 



EMPTY 



Figure 1. Programming X and Y Separately 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc V to 7 V 

Input voltage, V| 7 V 

Voltage applied to a disabled 3-state output 5.5 V 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 



recommended operating conditions 









ACT7806-20 


ACT7806-25 


'ACT7806-40 


UNIT 








MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


V CC 


ouppiy vuiiciyc 




4.5 


5.5 


4.5 


5.5 


4.5 


5.5 


v 


• in 


High-level input voltage 




2 


2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


0.8 


V 


'OH 


High-level output current 


Q outputs, Flags 


-8 


-8 


-8 


mA 


lOL 


Low-level output current 


Q outputs 


16 


16 


16 


mA 


Flags 


8 


8 


8 


f clock 


Clock frequency 




50 


40 


25 


MHz 






LDCK high or low 


7 


8 


12 




t w 


Pulse duration 


UNCK high or low 


7 


8 


12 


ns 


PEN low 


7 


8 


12 






RESET low 


10 


10 


12 








D0-D17 before LDCKt 


5 


5 


5 




*su 


Setup time 


PEN before LDCKT 


5 


5 


5 


ns 






LDCK inactive before RESET high 


5 


6 


6 








DO- D1 7 after LDCKt 


0 


0 


0 




th 


Hold time 


LDCK inactive after RESET high 


5 


6 


6 


ns 


PEN low after LDCK? 


3 


3 


3 






PEN high after LDCKi 


0 


0 


0 






Operating free-air temperature 


0 


70 


0 


70 


0 


70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


VOH 


V C C = 4.5V, 


lOH - - 8 mA 


2.4 


V 


vol 


Flags 


VCC = 4.5V, 


lOL = 8 mA 


0.5 


V 


Q outputs 


V C C = 4.5V, 


IOL = 16mA 


0.5 


ii 


V C C = 5.5V, 


V| =V C c or0 


±5 


MA 


ioz 


V C C = 5.5V, 


Vo=Vccor0 


±5 


ma 


ice 


VCC = 5.5V, 


V| = Vcc-0.2VorO 


400 


HA 


AI<X § 


V C C = 5.5V, 


One input at 3.4 V, Other inputs at V<x or GND 


1 


mA 


Ci 


V| = 0, 


f=1MHz 


4 


pF 


Co 


v 0 = o, 


f = 1 MHz 


8 


PF 



* All typical values are at Vcc = 5 V, T/\ = 25°C. 
§ This is the supply current for each input that is at one of the specified TTL voltage levels rather than 0 V or Vcc- 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, Cl = 50 pF (unless otherwise noted) (see Figures 5 and 6) 



PARAMETER 


FROM 


TO 


ACT7806-20 


'ACT7806-25 


'ACT7806-40 


UNIT 


(INPUT) 


(OUTPUT) 


MIN 


TYPt 


MAX 


MIN 


MAX 


MIN 


MAX 


^max 


LDCK or UNCK 




50 


40 


25 


MHz 


tpd 


LDCKt 




9 




20 


9 


22 


9 


24 




UNCKt 


AnyQ 


6 


11.5 


15 


6 


18 


6 


20 


ns 


*Dd* 


UNCKt 




10.5 








tpLH 


LDCKT 




6 




15 


6 


17 


6 


19 




tPHL 


UNCKt 


EMPTY 


6 




15 


6 


17 


6 


19 


ns 


RESET low 




4 




16 


4 18 


4 


20 




tpHL 


LDCKT 




6 




15 


6 


17 


6 


19 




tPLH 


UNCKt 


FULL 


6 




15 


6 


17 


6 


19 


ns 


RESET low 




4 




18 


4 20 


4 


22 




tpd 


LDCKt 




7 




18 


7 


20 


7 


22 




UNCKt 


AF/AE 


7 




18 


7 


20 


7 


22 


ns 


tPLH 


Reset low 




2 




10 


2 


12 


2 


14 




tpLH 


LDCKt 




5 




18 


5 


20 


5 


22 




tPHL 


UNCKt 


HF 


7 




18 


7 


20 


7 


22 


ns 


RESET low 




3 




12 


3 


14 


3 


16 




ten 


OE 


AnyQ 


2 




9 


2 


10 


2 


11 


ns 


*dis 


2 




10 


2 


11 


2 


12 



t All typical values are at Vqc » 5 V, Ta « 25°C. 

*This parameter is measured at Cl - 30 pF (see Figure 3). 



operating characteristics, Vqc = 5 V, T A = 25°C 



PARAMETER 


TEST CONDITIONS 


TYP 


UNIT 


Cpd Power dissipation capacitance per Fl FO channel 


Outputs enabled 


C L -50pF, f-5MHz 


53 


PF 
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TYPICAL CHARACTERISTICS 



PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 




typ-2L L 1 1 1 1 1 

0 50 100 150 200 250 300 



C|_ - Load Capacitance - pF 
Figure 3 



SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 



200 




0 L_ 1 1 1 1 1 1 1 

0 10 20 30 40 50 60 70 



f C |ock - Clock Frequency - MHz 
Figure 4 



a-22 
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TYPICAL CHARACTERISTICS 

calculating power dissipation 

With loc(f) taken from Figure 4, the maximum power dissipation (Pj) based on all data outputs changing states 
on each read can be calculated by: 

PT = V cc x [l CC(f) + (N x Al cc x dc)] + S(C L x V CC 2 x f 0 ) 

A more accurate power calculation based on device use and average number of data outputs switching can be 
found by: 

PT = V C c x [»CC + (N x Alcc * dc)] + 2(C pd x V C c 2 x fj) + S(C L x V cc 2 x f 0 ) 
where: 



Ice = power-down Ice maximum 

N = number of inputs driven by a TTL device 

A Ice = increase in supply current 

dc = duty cycle of inputs at a TTL high level of 3.4 V 

Cpd = power dissipation capacitance 

Cl = output capacitive load 

fj = data input frequency 

f 0 = data output frequency 
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APPLICATION INFORMATION 



LDCK 



FULL 



D18-D35 



D0-D17 



UNCK 



Q18-Q35 




Q0-Q17 



Figure 5. Word-Width Expansion: 256 Words by 36 Bits 
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From Output _ 
Under Test 



PARAMETER MEASUREMENT INFORMATION 

Input 

tpd 

Output 



R[_ = 500 Q < ^_ Cl = 50 pF 



3V 
GND 



-#U-t pd 



0 3V 

1.5 V 

0V 



LOAD CIRCUIT 



TOTEM-POLE OUTPUTS 



Figure 6. Standard CMOS Outputs (FULL, EMPTY, HF, AF/AE) 




LOAD CIRCUIT VOLTAGE WAVEFORMS 

ENABLE AND DISABLE TIMES 



PARAMETER 


R1,R2 


c L t 


S1 


ten 


tpZH 


500 Q 


50 pF 


Open 


tpZL 


Closed 


*dis 


tPHZ 


500 Q 


50 pF 


Open 


tPLZ 


Closed 


tpd 


500 Q 


50 pF 


Open 



t Includes probe and test-fixture capacitance 

Figure 7. 3-State Outputs (Any Q) 



/ 
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Member of the Texas Instruments 
Widebus™ Family 

Load Clock and Unload Clock Can Be 
Asynchronous or Coincident 

512 Words by 18 Bits 

Low-Power Advanced CMOS Technology 

Full, Empty, and Half-Full Flags 

Programmable Almost-Full/Almost-Empty 
Flag 

Fast Access Times of 15 ns With a 50-pF 
Load and All Data Outputs Switching 
Simultaneously 

Data Rates From 0 to 50 MHz 
3-State Outputs 

Pin Compatible With SN74ACT7806 and 
SN74ACT7814 

Packaged in Shrink Small-Outline 300-mil 
(DL) Package Using 25-mil Center-to-Center 
Spacing 



description 



A FIFO memory is a storage device that allows 
data to be written into and read from its array at 
independent data rates. The SN74ACT7804 is a 
512-word by 18-bit FIFO for high speed and fast 
access times. It processes data at rates up to 
50 MHz and access times of 1 5 ns in a bit-parallel 
format. 



DL PACKAGE 
(TOP VIEW) 



RESET [ 


1 


56 


]OE 


D17[ 


2 


55 


]Q17 


D16[ 


3 


54 


]Q16 


D15[ 


4 


53 


]Q15 


D14[ 


5 


52 


]GND 


D13[ 


6 


51 


]Q14 


D12[ 


7 


50 


]v C c 


D11 f 


8 


49 


]Q13 


D10[ 


9 


48 


]Q12 


Vcct 


10 


47 


]Q11 


D9[ 


11 


46 


]Q10 


D8[ 


12 


45 


]Q9 


GND [ 


13 


44 


]gnd 


D7[ 


14 


43 


]Q8 


D6[ 


15 


42 


]Q7 


D5[ 


16 


41 


]Q6 


D4[ 


17 


40 


]Q5 


D3[ 


18 


39 


]v C c 


D2[ 


19 


38 


]Q4 


D1 [ 


20 


37 


] Q3 


D0[ 


21 


36 


]Q2 


HF[ 


22 


35 


]GND 


PEN[ 


23 


34 


]Q1 


AF/AE [ 


24 


33 


]Q0 


LDCK[ 


25 


32 


]l)NCK 


NC[ 


26 


31 


]NC 


NC[ 


27 


30 


]nc 


FULL [ 


28 


29 


] EMPTY 



NC - No internal connection 



Data is written into memory on a low-to-high 
transition at the load-clock (LDCK) input and is 
read out on a low-to-high transition at the 
unload-clock (UNCK) input. The memory is full 
when the number of words clocked in exceeds the 

number of words clocked out by 51 2. When the memory is full, LDCK signals have no effect on the data residing 
in memory. When the memory is empty, UNCK signals have no effect. 



Status of the FIFO memory is monitore d by the full (FULL), empty (EMPTY), half-full (HF), and 
almost-full/almost-emp ty (AF/A E) flags. The FULL output is low when the memory is full and high when the 
memory is not full. The EMPTY output is low when the memory is empty and high when it is not empty. The HF 
output is high when the FIFO contains 256 or more words and is low when it contains 255 or less words. The 
AF/AE status flag is a programmable flag. The first one or two low-to-high transitions of LDCK after res et are 
used to program the almost-empty offset value (X) and the almost-full offset value (Y) if program enable (PEN) 
is low. The AF/AE flag is high when the FIFO contains X or less words or (512 - Y) or more words. The AF/AE 
flag is low when the FIFO contains between (X + 1 ) and (51 1 - Y) words. 



Widebus is a trademark of Texas instruments Incorporated. 



PRODUCTION DATA Information Is current as of publication date. m . Copyright © 1995, Texas Instruments Incorporated 
Products conform to specifications per the terms of Texas Instruments Wim 

standard warranty Production processing does not necessarily Include ^H*4P T"V*-w m 

testing of all parameters. J\f 1EXAS 
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description (continued) 



A low lev el on the reset (RESET) input resets the internal stack pointers and sets FULL high, AF/AE high, HF 
low, and EMPTY low. The Q outputs are not reset to any specific logic level. The FIFO must be reset upon 
power up. 



The first word loaded into empty memory causes EMPTY to go high and the data to appear on the Q outputs. 
It is important to note that the first word does not have to be unloaded. The data outputs are_noninverting with 
respect to the data inputs and are in the high-impedance state when the output-enable (OE) input is high. 

The SN74ACT7804 is characterized for operation from 0°C to 70°C. 
logic symbolt 



RESET 
LDCK 

UNCK 



25 



32 



OE 
PEN 



DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 
D10 
D11 
D12 
D13 
D14 
D15 
D16 
D17 



56 



23 



FIFO 512x18 
SN74ACT7804 



RESET 
> LDCK 



> UNCK 



EN1 

PROGRAM ENABLE 



FULL 
HALF-FULL 
ALMOST FULL/EMPTY 
EMPTY 



21 



20 



19 



18 



17 



16 



15 



14 



12 



17 



Data^ > I Data ^> 1 V 



17 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 



28 



22 



24 



29 



33 



34 



36 



37 



38 



40 



41 



42 



43 



45 



46 



47 



48 



49 



51 



53 



54 



55 



FULL 
HF 

AF/AE 
EMPTY 



QO 

Q1 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 

Q8 

Q9 

Q10 

Q11 

Q12 

Q13 

Q14 

Q15 

Q16 

Q17 
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functional block diagram 

OE 
D0-D17 



UNCK 




Q0-Q17 



Terminal Functions 



TERMINAL 
NAME NO. 


I/O 


DESCRIPTION 


AF/AE 24 


0 


Almost-full/almost-empty flag. Depth-offset values can be programmed for AF/AE, or the default value 
of 64 can be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AE is high when 
memory contains X or less words or (512 - Y) or more words. AF/AE is high after reset. 


Do-mz 


I 


18-bit data input port 


EMPTY 29 


0 


Empty flag. EMPTY is low when the FIFO is empty. A FIFO reset also causes EMPTY to go low. 


FULL 28 


0 


Full flag. FULL is low when the FIFO is full. A FIFO reset causes FULL to go high. 


HF 22 


0 


Half-full flag. HF is high when the FIFO memory contains 256 or more words. HF is low after reset. 


LDCK 25 


I 


Load clock. Data is written to the FIFO on the rising edge of LDCK when FULL is high. 


OE 56 


I 


Output enable. When OE is high, the data outputs are in the high-impedance state. 


PEN 23 


I 


Program enable. After reset and before the first word is written to the FIFO, the binary value on D0-D7 
is latched as an AF/AE offset value when PEN is low and LDCK is high. 


33-34, 36-38, 
Q0-Q17 40-43,45-49, 
51,53-55 


0 


18-bit data output port 


RESET 1 


I 


Reset. A low level on RESET resets the FIFO and drives AF/AE and FULL high and HF and EMPTY 
low. 


UNCK 32 


I 


Unload clock. Data is read from the FIFO on the rising edge of UNCK when EMPTY is high. 
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offset values for AF/AE 

The almost-full/almost-empty flag has two programmable limits: the almost-empty offset value (X) and the 
almost-full offset value (Y). They can be programmed after the FIFO is reset and before the first word is written 
to memory. The AF/AE flag is high when the FIFO contains X or less words or (512 - Y) or more words. 

To program the offset values, PEN can be brought low after reset only when LDCK is low. On the following 
low-to-high transition of LDCK, the bin ary va lue on D0-D7 is stored as the almost-empty offset value (X) and 
the almost-full offset value (Y). Holding PEN low for another low-to-high transition of LDCK reprograms Y to the 
binary value on D0-D7 at the time of the second LDCK low-to-high transition. Writes to the FIFO memory are 
disabled while the offsets are programmed. A maximu m val ue of 255 can be programmed for either X or Y 
(see Figure 1). To use the default values of X = Y = 64, PEN must be held high. 



LDCK 



PEN 



D0-D7 



EMPTY 



Figure 1. Programming X and Y Separately 



Texas 
Instruments 

8-30 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



PEN 
LDCK 
D0-D17 
UNCK 



Don't Care 



fl^^fUv^l^^^^J-LJl 




OE 

Q0-Q17 
EMPTY 



AF/AE 



FULL 



W1 



Define the AF/AE Flag Using 
the Default Value of X and Y 



11 



Figure 2. Write, Read, and Flag Timing Reference 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, V<x • -0-5 V to 7 V 

Input voltage, Vj — 7 V 

Voltage applied to a disabled 3-state output 5.5 V 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 



recommended operating conditions 









'ACT7804-20 


ACT7804-25 


'ACT7804-40 


UNIT 








MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


V CC 


Supply voltage 




4.5 


5.5 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 




2 


2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


0.8 


V 


'OH 


High-level output current 


Q outputs, Flags 


-8 


-8 


-8 


mA 


lOL 


Low-level output current 


Q outputs 


16 


16 


16 


mA 


Flags 


8 


8 


8 


*clock 


Clock frequency 




50 


40 


25 


MHz 






LDCK high or low 


7 


8 


12 






Pulse duration 


UNCK high or low 


7 


8 


12 


ns 


tw 


PEN low 


7 


8 


12 






RESET low 


10 


10 


1 2 








D0-D17 before LDCKt 


5 


5 


5 




tsu 


Setup time 


PEN before LDCKt 


5 


5 


5 


ns 






LDCK inactive before RESET high 


5 


6 


6 








D0-D17 after LDCKt 


0 


0 


0 




th 


Hold time 


LDCK inactive after RESET high 


5 


6 


6 


ns 


PEN low after LDCKt 


3 


3 


3 






PEN high after LDCK! 


0 


0 


0 




ta 


Operating free-air temperature 


0 


70 


0 


70 


0 


70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP* 


MAX 


UNIT 


VOH 


VCC = 4.5V, 


lOH - - 8 mA 


2.4 


V 


vol 


Flags 


VCC = 4.5V, 


Iql = 8 mA 


0.5 


V 


Q outputs 


V C C = 4.5V, 


lOL = 16 mA 


0.5 


ii 


V C C = 5.5V, 


V| = V<xor0 


±5 


ma 


"oz 


V C C = 5.5V, 


Vo = Vccor0 


±5 


UA 


'cc 


V C C = 5.5V, 


V|-Vcc-0.2VorO 


400 


MA 


AICC § 


VCC = 5-5 V, 


One input at 3.4 V, Other inputs at Vqc or GND 


1 


mA 


Ci 


V| = 0, 


f=1MHz 


4 


PF 


Co 


v 0 = o, 


f=1MHz 


8 


PF 



* All typical values are at Vqc = 5 v » t a = 25°C. 
§ This is the supply current for each input that is at one of the specified TTL voltage levels rather 0 V or Vcc- 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C L = 50 pF (unless otherwise noted) (see Figures 5 and 6) 



PARAMETER 


FROM 


TO 


'ACT7804-20 


'ACT7804-25 


'ACT7804-40 


UNIT 


(INPUT) 


(OUTPUT) 


MIN 


TYPt MAX 


MIN 


MAX 


MIN 


MAX 


4 

'max 


1 DCX nr I INOK 




50 


40 


25 


MHz 


tpd 


i nPk"T 




9 




20 


9 


22 


9 


24 




T pd 


i inpkT 

UInOI\ 1 


Any Q 


6 


11.5 


15 


6 


18 


6 


20 


ns 


t -it 
t pd + 


UInOI\ 1 




10.5 








tPLH 


1 nPtfT 

LUUI\ 1 




6 




15 


6 


17 


6 


19 




tPHL 


UlMOI\ 1 


EMPTY 


6 




15 


6 


17 


6 


19 


ns 


tPHL 


ncoc i low 




4 




16 


4 


18 


4 


20 




tPHL 






6 




15 


6 


17 


6 


19 




tPLH 


UNCKt 


fDll 


6 




15 


6 


17 


6 


19 


ns 


tPLH 


RESET low 

nLWL 1 IUW 




4 




18 


4 


20 


4 


22 




tpd 


LDCKt 




7 




18 


7 


20 


7 


22 




tpd 


UNCKT 


AF/AE 


7 




18 


7 


20 


7 


22 


ns 


tPLH 


RESET low 




2 




10 


2 


12 


2 


14 




tPLH 


LDCKt 




5 




18 


5 


20 


5 


22 




tPHL 


UNCKt 


HF 


7 




18 


7 


20 


7 


22 


ns 


tPHL 


RESET low 




3 




12 


3 


14 


3 


16 




ten 


OE 


AnyQ 


2 




9 


2 


10 


2 


11 


ns 


tdis 


2 




10 


2 


11 


2 


12 



t All typical values are at Vqc = 5 v » T A = 25 °C- 

t This parameter is measured at C|_ = 30 pF (see Figure 3). 



operating characteristics, Vqc = 5 V, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


TYP 


UNIT 


Cpd 


Power dissipation capacitance per FIFO channel 


Outputs enabled 


C L = 50pF, f = 5MHz 


53 


PF 
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TYPICAL CHARACTERISTICS 



PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 



typ + 8 



typ + 6 



typ + 4 



typ + 2 



typ 



typ-2 



vcc 

-T A = 
R L = 


= 5V 










25°C 
500 Q 








y— 

r 



































































































50 100 150 200 250 
C|_ - Load Capacitance - pF 
Figure 3 



300 



SUPPLY CURRENT 
VS 

CLOCK FREQUENCY 

2ooi r r~ — i 1 — — r 




0 10 20 30 40 50 60 70 
f C |ock ~ Clock Frequency - MHz 
Figure 4 
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TYPICAL CHARACTERISTICS 

calculating power dissipation 

With lcc(f) taken from Figure 4, the maximum power dissipation (Pj) based on ail data outputs changing states 
on each read can be calculated by: 

PT = Vcc x [ICC(f) + (N x Alec x dc)] + 2(C L x V C c 2 x W 

A more accurate power calculation based on device use and average number of data outputs switching can be 
found by: 

PT = V C C x Pec + (N x AI CC x dc)] + Z(C pd x V CC 2 x f ,) + X(C L x V CC 2 x f 0 ) 
where: 



Ice = power-down Ice maximum 

N = number of inputs driven by a TTL device 

Alec = increase in supply current 

dc = duty cycle of inputs at a TTL high level of 3.4 V 

Cpd = power dissipation capacitance 

Cl = output capacitive load 

fj = data input frequency 

f 0 = data output frequency 



^? Texas 
Instruments 

POST OFFICE BOX 655303 •DALLAS, TEXAS 75265 8-35 



SN74ACT7804 
512x18 

STROBED FIRST-IN, FIRST-OUT MEMORY 

SCAS204A- APRIL 1992 - REVISED SEPTEMBER 1995 



APPLICATION INFORMATION 



LDCK ■ 



D18-D35 



D0-D17 



SN74ACT7804 
LDCK UNCK- 



FULL 



D0-D17 



EMPTY 

Of 
Q0-Q17 



SN74ACT7804 
> LDCK UNCK' 



D0-D17 



EMPTY 
OE 

Q0-Q17 



UNCK 




Q0-Q17 



Figure 5. Word-Width Expansion: 512 Words by 36 Bits 
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PARAMETER MEASUREMENT INFORMATION 

3V 



Input JC \ 1.5 V 

From Output m / | \ - kl _ 

Under Test T 1 / l , j > j 

RL = 500Q £ ^ C L = 50 pF tpd ~^ *| M *j— t pd 

3V 

Output 



/vl ° v 
\l.5V 
\— ov 



LOAD CIRCUIT TOTEM-POLE OUTPUTS 



Figure 6. Standard CMOS Outputs (FULL, EMPTY, HF, AF/AE) 



From Output 
Under Test 




R1 =R2 



Test Point 



LOAD CIRCUIT 



Input 



1.5 V 



tpZL— *J K- 



/1.5 V 



3V 



OV 



Output 




3.5 V 



tPZH k- 



tPHZ k- ^-0.3V 



Output 




VOH 



«0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 



PARAMETER 


R1.R2 




S1 


*en 


tPZH 


500 G 


50 pF 


Open 


tPZL 


Closed 


tdis 


tPHZ 


500 a 


50 pF 


Open 


tPLZ 


Closed 


tpd 


500 Q 


50 pF 


Open 



t Includes probe and test-fixture capacitance 

Figure 7. 3-State Outputs (Any Q) 
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Member of the Texas Instruments 
Wldebus™ Family 

Independent Asynchronous Inputs and 
Outputs 

Produced in Advanced BICMOS 
Technology 

Two Separate 512 x 18 FIFOs Buffering 
Data In Opposite Directions 



Programmable Almost-Full/Almost-Empty 
Flags 

Empty, Full, and Half-Full Flags 

Fast Access Times of 12 ns With a 50-pF 

Load and Simultaneous Switching Data 

Outputs 

Supports Clock Rates up to 67 MHz 

Available in 80-Pin Quad Flat (PH) and 
Space-Saving 80-Pin Thin Quad Flat (PN) 
Packages 



< CD 



< < § o o 

CO CD Z q Z 

owcjjd 



PH PACKAGE 
(TOP VIEW) 

CD 

Joooo 
2 o o o o 



_ , _ _ , W Z> _J 0 CO (D 

nnnnnnnnnnnnnnnn 



RSTA 
PENA 
AF/AEA 
HFA 
FULLA 
GND 
AO 
A1 

V C C 
A2 
A3 

GND 
A4 
A5 

GND 
A6 
A7 

GND 
A8 
A9 

VCC 
A10 
A11 
GND 



80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 

£\ 1 

C 2 
C 3 

C 4 
c 5 
c 6 
c 7 
C 8 
C 9 
C 10 
C 11 

C 12 
C 13 
C 14 

c 15 

C 16 

c 1 7 



18 



c 
c 
c 
c 
c 

C 23 
C 24 



25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 



RSTB 

PENB 

AF/AEB 

HFB 

FULLB 

GND 

BO 

B1 

V C C 

B2 

B3 

GND 

B4 

B5 

GND 

B6 

B7 

GND 

B8 

B9 

Vcc 

B10 
B11 
GND 



uuuuuuuuuuuuuuuu 

CM 00 O^lfiQCNNOQlO^ O CO CM 
-r-1- O r- i- ^ t- t- i- t- =Z t- t- t$ t- t- 

<<><<g<<CDCDgCDCD>CDCD 



Widebus is a trademark of Texas Instruments Incorporated. 
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description 
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A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. The SN74ABT7820 is arranged as two 512 by 18-bit FIFOs for high speed and fast access times. 
It processes data at rates from 0 to 67 MHz with access times of 1 2 ns in a bit-parallel format. 

The SN74ABT7820 consists of bus-transceiver circuits, two 51 2 x 1 8 FIFOs, and control circuitry arranged for 
multiplexed transmission of data directly from the data bus or from the internal FIFO memories. Enable inputs 
(GAB and GBA) control the transceiver functions. The SAB and SBA control inputs select whether real-time or 
stored data is transferred. The circuitry used for select control eliminates the typical decoding glitch that occurs 
in a multiplexer during the transition between stored and real-time data. Figure 1 illustrates the eight 
fundamental bus-management functions that can be performed with the SN74ABT7820. 

The SN74ABT7820 is characterized for operation from 0°C to 70°C. 
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Figure 1. Bus-Management Functions 
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SELECT-MODE CONTROL TABLE 



CONTROL 


OPERATION 


SBA SAB 


A BUS 


BBUS 


L L 


Real-time B to A bus 


Real-time A to B bus 


H L 


FIFO B to A bus 


Real-time A to B bus 


L H 


Real-time B to A bus 


FIFO A to B bus 


H H 


FIFO B to A bus 


FIFO A to B bus 



OUTPUT-ENABLE CONTROL TABLE 



CONTROL 


OPERATION 


GBA GAB 


A BUS 


BBUS 


L L 


Isolation/input to A bus 


Isolation/input to B bus 


H L 


A bus enabled 


Isolation/input to B bus 


L H 


Isolation/input to A bus 


B bus enabled 


H H 


A bus enabled 


B bus enabled 



Figure 1. Bus-Management Functions (Continued) 
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logic symbolt 



SAB 
SBA 
GAB 
GBA 
RSTA 
PENA 
LDCKA 
UNCKA 
FULLA 
EMPTYA 
AF/AEA 
HFA 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
A11 
A12 
A13 
A14 
A15 
A16 
A17 
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65 



80 



77 



69 



70 



:} 



MODE 



O 
FIFO 
512x18x2 
SN74ABT7820 



EN1 
EN2 

RESET A 
PROG ENA 

> LDCKA 

> UNCKA 
FULLA 

EMPTYA 
ALMOST FULL/ 
ALMOST EMPTY A 

HALF-FULL A 



RESET B 
PROG ENB 
LDCKB < 

UNCKB < 
FULLB 

EMPTYB 
ALMOST FULL/ 
ALMOST EMPTY B 

HALF-FULL B 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the PH package. 
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logic diagram (positive logic) 
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Terminal Functions 



TERMINAL 


I/O 


DESCRIPTION 


A0-A17 


I/O 


Port-A data. The 18-bit bidirectional data port for side A. 


AF/AEA 


0 


Fl FO A almost-full/almost-empty flag. Depth-offset values can be programmed for AF/AEA or the default value of 1 28 can 
be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AEA is high when FIFO A contains X or 
less words or (512 - Y) or more words. AF/AEA is set high after FIFO A is reset. 


AF/AEB 


0 


FIFO B almost-full/almost-empty flag. Depth-offset values can be programmed for AF/AEB or the default value of 1 28 can 
be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AEB is high when FIFO B contains 
X or less words or (512 — Y) or more words. AF/AEB is set high after FIFO B is reset. 


B0-B17 


I/O 


Port-R Hatfl TKia 1 ft— hit hiriir Actional data oort for ftiHA R 


EMPTYA 


0 


FIFO A empty flag. EMPTYA is low when FIFO A is empty and high when FIFO A is not empty. EMPTYA is set low after 

FIFO A rAQAt 


EMPTYB 


0 


FIFO B empty flag. EMPTYB is low when FIFO B is empty and high when FIFO B is not empty. EMPTYB is set low after 
FIFO R is r as At 


FULLA 


0 


FIFO A full flag. FULLA is tow when FIFO A is full and high when FIFO A is not full. FULLA is set high after FIFO A is reset. 


FULLB 


0 


FIFO B full flag. FULLB is low when FIFO B is full and high when FIFO B is not full. FULLB is set high after FIFO B is reset. 


GAB 


I 


Port-B output enable. B0-B17 outputs are active when GAB is high and in the high-impedance state when GAB is low. 


GBA 


I 


Port-A output enable. A0-A17 outputs are active when GBA is high and in the high-impedance state when GBA is low. 


HFA 


o 


FIFO A half-full flag. HFA is high when FIFO A contains 256 or more words and is low when FIFO A contains 255 or less 
words. HFA is set low after FIFO A is reset. 


HFB 


o 


FIFO B half-full flag. HFB is high when FIFO B contains 256 or more words and is low when FIFO B contains 255 or less 
words. HFB is set low after FIFO B is reset. 


LDCKA 


I 


FIFO A load clock. Data is written into FIFO A on a low-to-high transition of LDCKA when FULLA is high. The first word 
written into an empty FIFO A is sent directly to the FIFO A data outputs. 


LDCKB 




FIFO B load clock. Data is written into FIFO B on a low-to-high transition of LDCKB when FULLB is high. The first word 
written into an empty FIFO B is sent directly to the FIFO B data outputs. 


PENA 




FIFO A program enable. After reset and before a word is written into FIFO A, the binary value on A0-A7 is latched as 
an AF/AEA offset value when PENA is low and LDCKA is high. 


PENB 


I 


FIFO B program enable. After reset and before a word is written into FIFO B, the binary value on B0-B7 is latched as 
an AF/AEB offset value when PENB is low and LDCKB is high. 


RSTA 




FIFO A reset. A low level on RSTA resets FIFO A forcing EMPTYA low, HFA low, FULLA high, and AF/AEA high. 


RSTB 




FIFO B reset. A low level on RSTB resets FIFO B forcing EMPTYB low, HFB low, FULLB high, and AF/AEB high. 


SAB 




Port-B read select. SAB selects the source of B0-B1 7 read data. A low level selects real-time data from AO- A1 7. A high 
level selects the FIFO A output. 


SBA 




Port-A read select. SBA selects the source of AO- A1 7 read data. A low level selects real-time data from BO - B1 7. A high 
level selects the FIFO B output. 


UNCKA 




FIFO A unload clock. Data is read from FIFO A on a low-to-high transition of UNCKA when EMPTYA is high. 


UNCKB 




FIFO B unload clock. Data is read from FIFO B on a low-to-high transition of UNCKB when EMPTYB is high. 
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timing diagram for FIFO At 
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SetX = Y = 128 



Empty + X Half-Full Full-Y Full 



Full-Y 



Half-Full 



Empty + X 



Empty 



t SAB = GAB = H, GBA = L 

Operation of FIFO B is identical to that of FIFO A. 
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offset values for AF/AE 

The almost-full/almost-empty flag of each FIFO has two programmable limits: the almost-empty offset value (X) 
and the almost-full offset value (Y). The offsets of a flag can be programmed from the input of its FIFO after it 
is reset and before any data is written to its memory. An AF/AE flag is high when its FIFO contains X or less words 
or (512 - Y) or more words. 

To program the offset values for AF/AEA, program enable (PENA) can be brought low after FIFO A is reset and 
only when LDCKA is low. On the following low-to-high transition of LDCKA, the binary v alue on AO- A7 is stored 
as the almost-empty offset value (X) and the almost-full offset value (Y). Holding PENA low for another 
low-to-high transition of LDCKA reprograms Y to the binary value on A0-A7 at the time of the second LDCKA 
low-to-high transition. 

PENA can be brought back high only when LDCKA is low during the first two LDCKA cycles. PENA can be 
brought high at any time after the second LDCKA pulse returns low. A maximum value of 255 ca n be 
programmed for either X or Y (see Figure 2). To use the default values of X = Y = 128 for AF/AEA, PENA must 
be tied high. No data is stored in the FIF O when its AF/AE offsets are programmed. The AF/AEB flag is 
programmed in the same manner. PENB enables LDCKB to program the AF/AEB offset values taken from 
B0-B7. 




— ^ / 

Figure 2. Programming X and Y Separately for AF/AEA 
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)t 



Supply voltage range, Vqc ••■ -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to Vqc + 0.5 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, Iq 48 mA 

Input clamp current, I|k(V|<0) -18 mA 

Output clamp current, Iqk ( v O < °) • ■ -50 mA 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions 





MIN NOM 


MAX 


UNIT 


vcc 


Supply voltage 


4.5 4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


V 


V|L 


Low-level input voltage 


0.8 


V 


V| 


Input voltage 


0 


vcc 


V 


'OH 


High-level output current 


-12 


mA 


"OL 


Low-level output current 


24 


mA 


At/Av 


Input transition rise or fall rate 


5 


ns/V 


T A 


Operating free-air temperature 


0 


70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|K 


V C C = 4.5 V, l| = -18mA 


-1.2 


V 


VOH 


Vcc = 4.5 V, IOH = -3mA 


2.5 


V 


Vcc = 5V, loH^-SmA 


3 


Vcc = 4.5 V, IOH = -12mA 


2 


vol 


Vcc = 4.5 V, l0L = 24mA 


0.55 


V 


ii 


Vcc = 5.5 V, V| = Vqc or GND 


±5 


MA 


«OZH § 


Vcc - 5.5 V, Vo = 2.7 V 


50 


ma 


'OZL § 


Vcc = 5-5 V, Vq = 0.5 V 


-50 


ma 


lO 11 


VCC = 5-5 V, Vq = 2.5 V 


-40 -100 -180 


mA 


'CC 


Vcc = 5.5 V, Iq = 0, V| = VccorGND 


Outputs high 


15 


mA 


Outputs low 


95 


Outputs disabled 


15 


Cj 


Control inputs 


Vj = 2.5 V or 0.5 V 


6 


PF 


Co 


Flags 


Vq = 2.5 V or 0.5 V 


4 


PF 


Cj 0 


A or B ports 


V 0 = 2.5 V or 0.5 V 


8 


PF 



t All typical values are at Vcc = 5 V, T A = 25°C. 
§ The parameters lozH and 'OZL include the input leakage current. 

^ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) 







ABT7820-15 


ABT7820-20 


ABT7820-25 


ABT7820-30 


UNIT 






MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency 


67 


50 


40 


33 


MHz 




LDCKA, LDCKB high 


4 


6 


9 


11 




. Pulse 
w duration 


LDCKA, LDCKB low 


4 


6 


9 


11 




UNCKA, UNCKB high 


4 


6 


9 


11 


ns 


UNCKA, UNCKB low 


4 


6 


9 


11 






no I A, no I b IOW 


6 


8 


10 


12 






A0-A17 before LDCKAt and 
B0-B17 before LDCKBt 


3 


4 


4 


4 




t su Setup time 


PENA before LDCKAT and 
PENB before LDCKBt 


5 


5 


5 


5 


ns 




LDCKA inactive before RSTA high 
and LDCKB inactive before RSTB 
high 


3 


3 


4 


4 






AO- A1 7 after LDCKAt and 
B0-B17 after LDCKBt 


0 


0 


0 


0 




t n Hold time 


PENA after LDCKA low and 
PENB after LDCKB low 


2 


2 


2 


2 


ns 




LDCKA inactive after RSTA high and 
LDCKB inactive after RSTB high 


3 


3 


4 


4 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, Cl = 50 pF (unless otherwise noted) (see Figure 5) 



PARAMETER 


FROM 


TO 


ACT7820-15 


'ACT7820-20 


ACT7820-25 


'ACT7820-30 


UNIT 


(INPUT) 


(OUTPUT) 


MIN 


TYPt 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


f max 


LDCK, UNCK 




67 


50 


40 


33.3 


MHz 


tpd 


LDCKAt, 
LDCKBT 


B/A 


4 




14 


4 


15 


4 


18 


4 


20 


ns 


unckaT, 
unckbT 


4 


9 


12 


4 


13.5 


4 


15 


4 


17 


tpd* 


unckaT, 

UNCKBt 


B/A 


8 








ns 


tPLH 


LDCKAt, 
LDCKBT 


EMPTYA, 


4 




14 


4 


15 


4 


17 


4 


19 


ns 


tPHL 


unckaT, 
unckbT 


EMPTYB 


4 




13 


4 


14 


4 


16 


4 


18 


tPHL 


RSTA low, 
RSTB low 


EMPTYA, 
EMPTYB 


D 




I 0 


6 


16 


D 


I O 


6 


20 


ns 


tpHL 


LDCKAT, 
LDCKBT 


FULLA, 
FULLB 


6 




13 


6 


14 


6 


16 


6 


18 


ns 


tDI LI 

l rLn 


unckaT, 
unckbT 


FULLA, 


6 




15 


6 15 


6 


17 


6 


19 


ns 


RSTA low, 
RSTB low 


FULLB 


8 




20 


8 


20 


8 


22 


8 


22 


tpd 


LDCKAT, 
LDCKBT 


AF/AEA, 


8 




16 


8 


17 


8 


18 


8 


20 


ns 


UNCKAT, 

unckbT 


AF/AEB 


8 




16 


8 


17 


8 


18 


8 


20 


tPLH 


RSTA low, 
RSTB low 


AF/AEA, 
AF/AEB 


2 




12 


2 


14 


2 


16 


2 


18 


ns 


tPLH 


LDCKAT, 
LDCKBT 


HFA, HFB 


8 




15 


8 


15 


8 


17 


8 19 


ns 




UNCKA, UNCKB 




8 




15 


8 


15 


8 


17 


8 


19 




*PHL 


RSTA low, 
RSTB low 


HFA, HFB 


2 




12 


2 


14 


2 


16 


2 


18 


ns 


tpd 


SAB/SBA§ 


B/A 


2 




10 


2 


11 


2 


12 


2 


14 


ns 


A/B 


2 




9 


2 


10 


2 


11 


2 


13 


ten 


GBA/GAB 


A/B 


2 




6.5 


2 


8 


2 


10 


2 


12 


ns 


*dis 


GBA/GAB 


A/B 


2 




11 


2 


12 


2 


13 


2 


14 


ns 



t All typical values are at 5 V, TX = 25°C. 

$ This parameter is measured with a 30-pF load (see Figure 3). 

§ These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 
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TYPICAL CHARACTERISTICS 



PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 




0 50 100 150 200 250 300 
C|_ - Load Capacitance - pF 

Figure 3 



SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 



§ 100 



B 60 

8 



C 


IV = 7 
L = < 


'5°C 
)pF 












c = 


5.5 V 


f y 


































vcc 


i = 5 


v ■ 
















































> 


r CC 


= 4.! 


V 

























































10 15 20 25 30 35 40 45 50 55 60 65 70 
f clock - Clock Frequency - MHz 
Figure 4 
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TYPICAL CHARACTERISTICS 

calculating power dissipation 

With lcc(f) taken from Figure 4, the maximum power dissipation (Pj) based on all outputs changing states on 
each read can be calculated by: 

Pt = V CC x lcc(f) + 2(C|_ x V C C 2 x W 
where: 

'cc(f) = maximum Ice clock frequency 
C[_ = output capacitive load 
f 0 = data output frequency 



PARAMETER MEASUREMENT INFORMATION 




VOLTAGE WAVEFORMS 
LOAD CIRCUIT ENABLE AND DISABLE TIMES 



PARAMETER 


R1,R2 


c L t 


S1 


ten 


tpZH 


500 £2 


50 pF 


Open 


tpZL 


Closed 


*dis 


tPHZ 


500 Q, 


50 pF 


Open 


tPLZ 


Closed 


tpd 


500 CI 


50 pF 


Open 



t Includes probe and test-fixture capacitance 



Figure 5. Load Circuit and Voltage Waveforms 
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Load and Unload Clocks Can Be 

Asynchronous or Coincident 

Low-Power Advanced CMOS Technology 

1024 Words x 18 Bits 

Programmable Almost-Full/Almost-Empty 

Flag 

Empty, Full, and Half-Full Flags 



• Fast Access Times of 30 ns With a 50-pF 
Load 

• Fall-Through Time Is 20 ns Typical 

• Data Rates From 0 to 40 MHz 

• High-Output Drive for Direct Bus Interface 

• 3-State Outputs 

• Available in 68-Pin PLCC (FN) and 80-Pin 
Thin Quad Flat (PN) Packages 



FN PACKAGE 
(TOP VIEW) 



LO (D S ^ 

5 5 5o 



o 

zoom 

3 Z Z O 



CO OQ 
LU OZ 
DC > O 



ON 

... 



CO 



in 



O O O 



D14 ] 
D13 ] 
D12 ] 
D11 ] 
D10 ] 
D9 ] 

V C C ] 
D8 ] 

GND ] 
D7] 
D6 ] 
D5 ] 
D4 ] 
D3 ] 
D2 ] 
D1 ] 
DO ] 



LJLJLJLJLJLJLJULJLJLJLJLJLJ 

9 8 7 6 5 4 3 2 1 68 67 66 65 64 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
| 20 
21 
22 
23 
24 
25 
26 

27 28 29 30 31 32 33 34 35 36 37 38 39 40 
r-ir-ir-ir-ir-irnr-nrnr-ir-ii-ir-ir-ir-i 



LJLJLJ 

63 62 61 



41 42 43 

nnn 



60[ 
59[ 
58[ 
57[ 
56[ 
55[ 
54[ 
53[ 
52[ 
51[ 
50[ 
49[ 
48[ 
All 
46[ 
45[ 
44[ 



v C c 

Q14 
Q13 
GND 
Q12 
Q11 

V C C 

Q10 

Q9 

GND 

Q8 

Q7 

V C C 

Q6 

Q5 

GND 

Q4 



< z o z z o< z 
P (5 Q > ll o 



qO O z 



O 



NC - No internal connection 



PRODUCTION DATA Information Is current as of _publlcatJon date. m m Copyright© 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments W> Im 

standard warranty. Production processing does not necessarily Include "TVva^ 

testing of all parameters. j\t 1EXAS 
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PN PACKAGE 
(TOP VIEW) 
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r-i i—i 


i—im 


■ — i ■ — i 


I — 1 


I — | 


nnn 


nnn 






' 80 79 78 


77 76 75 74 73 72 71 70 69 


68 67 66 65 64 63 62 61 
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57 


J wo 
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56 
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55 


J UlNU 
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V CC L 
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nbob I L 
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51 


J Mr 




11 
























50 


] FULL 


NC[ 


12 
























49 


]GND 


NC[ 


13 
























48 


]gnd 


UNCK[ 


14 
























47 


]af/ae 


gndC 


15 
























46 


]v cc 


D17[ 


16 
























45 


]NC 


D16[ 


17 
























44 


]nc 


D15[ 


18 
























43 


]ldck 


NCC 


19 
























42 


]gnd 


NCC 


20 
























41 


]nc 




21 
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L_l 


LJLJLJLJ 


LJL_J 


L_JL_J 
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LJLJLJ 
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CM 
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a> o 


CO Q 
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OILL O 
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T— 

a 


5 5 


a 


5 


°£ 


Q z 
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Q Q 


8 


s 


a a a 


Q < Z 

|Q 





NC - No internal connection 



description 



A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. The SN74ACT7802 is a 1024-word by 1 8-bit FIFO for high-speed applications. It processes data 
in a bit-parallel format at rates up to 40 MHz and access times of 30 ns. 

Data is written into the FIFO memory on a low-to-high transition on the load-clock (LDCK) input and is read out 
on a low-to-high transition on the unload-clock (UNCK) input. The memory is full when the number of words 
clocked in exceeds by 1 024 the number of words clocked out. When the memory is full, LDCK has no effect on 
the data in the memory; when the memory is empty, UNCK has no effect. 



A low level on the reset (RE SET) input resets the FIFO internal clock stack pointers and sets FULL high, AF/AE 
high, HF low, and EMPTY low. The Q outputs are not reset to any specific logic level. The FIFO must be reset 
upon power up. The Q outputs are noninverting and are in the high-impedance state when the output-enable 
(OE) input is low. 

When w riting to the FIFO after a reset pulse or when the FIFO is empty, the first active transition on LDCKdrives 
EMPTY high and causes the first word written to the FIFO to appear on the Q outputs. An active transition on 
UNCK is not required to read the first word written to the FIFO. Each subsequent read from the FIFO requires 
an active transition on UNCK. 

The SN74ACT7802 can be cascaded in the word-width direction but not in the word-depth direction. 
The SN74ACT7802 is characterized for operation from 0°C to 70°C. 
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logic symbolt 



RESET 
LDCK 
UNCK 

OE 
DAF 

DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 
D10 
D11 
D12 
D13 
D14 
D15 
D16 
D17 



29 



27 



26 



25 



24 



23 



22 



21 



20 



19 



17 



15 



14 



13 



12 



11 



10 



RESET 

> LDCK 

> UNCK 
EN1 



-^> DEF ALMOST FULL 
□ 



FIFO 1024x18 
SN74ACT7802 



FULL 
HALF FULL 
ALMOST FULL/EMPTY 
EMPTY 



17 



| Data ^> I Data ^> 



1V 



17 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the FN package. 



35 



36 



33 



66 



38 



39 



41 



42 



44 



46 



47 



49 



50 



52 



55 



56 



58 



59 



61 



63 



64 



FULL 
HF 

AF/AE 
EMPTY 



Q0 

Q1 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 

Q8 

Q9 

Q10 

Q11 

Q12 

Q13 

Q14 

Q15 

Q16 

Q17 
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functional block diagram 

OE 



D0-D17 



LDCK 



UNCK 



Write 
Control 



Read 
Control 



RESET 



Reset 
Logic 



DAF 



Read 
Pointer 



Write 
Pointer 



-V 5 



Z 



Location 1 



Location 2 



1024x18 RAM 



Location 1023 



Location 1024 



Status- 
Flag 
Logic 



Q0-Q17 

EMPTY 

FULL 

HF 

AF/AE 



Terminal Functions 



TERMINAL 
NAME NO.t 


I/O 


DESCRIPTION 


AF/AE 33 


0 


Almost-full/almost-empty flag. Depth-offset values can be programmed for AF/AE, or the default value 
of 256 can be used for the almost-empty almost-full offset (X). AF/AE is high when memory contains X 
or less words or (1024 - X) or more words. AF/AE is high after reset. 


DAF 27 


I 


Define almost full flag. The high-to-low transition of DAF stores the binary value of data inputs as 
the almost-full/almost-empty offset value (X). With DAF held low, a low pulse on RESET defines AF/AE 
using X. 


oo-o 17 


I 


1 8-bit data input port 


EMPTY 66 


0 


Empty flag. EMPTY is low when the FIFO is empty. A FIFO reset also causes EMPTY to go low. 


FULL 35 


0 


Full flag. FULL is low when the FIFO is full. A FIFO reset causes FULL to go high. 


HF 36 


0 


Half-full flag. HF is high when the FIFO memory contains 512 or more words. HF is low after reset. 


LDCK 29 


I 


Load clock. Data is written to the FIFO on the rising edge of LDCK when FULL is high. 


OE 2 


I 


Output enable. When OE is low, the data outputs are in the high-impedance state. 


38-39, 41 -42, 
44,46-47, 
Q0-Q17 49-50,52-53, 
55-56, 58-59, 
61,63-64 


0 


1 8-bit data output port 


RESET 1 


I 


Reset. A low level on RESET resets the FIFO and drives AF/AE and FULL high and HF and EMPTY 
low. 


UNCK 5 


I 


Unload clock. Data is read from the FIFO on the rising edge of UNCK when EMPTY is high. 



t Pin numbers shown are for the FN package. 
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offset value values for AF/AE 

The FIFO memory status is monitored by the full (FULL), empty (EMPTY), hal f-full (H F), and 
almost-full/almost-empty (AF/AE) flags. The FULL output is low when the memory is full; the EMPTY output is 
low when the memory is empty. The HF output is high when the memory contains 512 or more words and low 
when it contains less than 512 words. The level of the AF/AE flag is determined by both the number of words 
in the FIFO and a user-definable offset X. AF/AE is high when the FIFO is almost full or almost empty, i.e., when 
it contains X or less words or (1024 - X) or more words. The almost-full/almost-empty offset value is either 
user-defined or the default value of 256; it is programmed during each reset cycle as follows: 

user-defined X: 

Take DAF from high to low. 

If RESET is not already low, take RESET low. 

With DAF held low, take RESET high. This defines the AF/AE flag using X. 
default X: 

To redefine the AF/AE flag using the default value of X = 256, hold DAF high during the reset cycle. 
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RESET 



~i_r 



1 



u 



LDCK 
D0-D17 



m 



Don't Care 



rL^rvrvrvn 



EMPTY ^ 
AF/AE *jj>J"" 

".a 

FULL 



Define the AF/AE Offset Value (X) 
Using the Data on DO - D8 



W1 



Don't Care 



-0 — h — l/ — w— L — « — [, — » — u — rv 

Y W2 WX+1 IVWC+2 W513 Y W514 W1024-X Y W1025-X W1023 Y*1024 Y 

-f^—H — <A — — tt A_J-A 



ii 



Define the AF/AE Offset Value (X) 
Using the Default Value of 256 



> Z4 O ■ 



en 

> m 



x > 

30 10 



m JL 

3D— I 



o 

5 



Figure 2. Write, Read, and Flag Timing Reference 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc V to 7 V 

Input voltage, V| 7 V 

Voltage applied to a disabled 3-state output 5.5 V 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 



recommended operating conditions 





'ACT7802-25 


'ACT7802-40 


'ACT7802-60 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


Vqc Supply voltage 


4.5 5.5 


4.5 5.5 


4.5 5.5 


V 


Vm High-level input voltage 


2 


2 


2 


v 


V|i_ Low-level input voltage 


0.8 


0.8 


0.8 


v 


Iqh High-level output current 


-8 


-8 


-8 


mA 


lOL Low-level output current 


16 


16 


16 


mA 


f C lock Clock frequency 


40 


25 


16.7 


MHz 


t w Pulse duration 


LDCK high or low 


10 


14 


20 


ns 


UNCK high or low 


10 


14 


20 


DAT high 


10 


10 


10 


RESET low 


20 


25 


25 


t su Setup time 


D0-D7 before LDCKT 


4 


5 


5 


ns 


RESET inactive (high) before LDCKT 


5 


5 


5 


Define AF/AE: D0-D8 before DAFi 


5 


5 


5 


Define AF/AE: DAF4, before RESETT 


7 


7 


7 


Define AF/AE (default): DAF high before RESETT 


5 


5 


5 


th Hold time 


D0-D7 after LDCKT 


1 


2 


2 


ns 


Define AF/AE: D0-D8 after DAFi 


0 


0 


0 


Define AF/AE: DAF low after RESETT 


0 


0 


0 


Define AF/AE (default): DAF high after RESETT 


0 


0 


0 


Ta Operating free-air temperature 


0 70 


0 70 


0 70 


°C 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



8-59 



SN74ACT7802 
1024 x 18 

STROBED F1RST-IN, FIRST-OUT MEMORY 

SCAS187B- AUGUST 1990- REVISED SEPTEMBER 1995 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 
fHnMivic I crt 


TEST CONDITIONS 


MIN TYPt 


MAX 


UNIT 


VOH 


V C C = 4.5 V, 


lOH = " 8 mA 


2.4 


V 


vol 


VCC = 4.5V, 


IOL= 16 mA 


0.5 


V 




V C C = 5.5V, 


V| = Vqc or 0 


±5 


MA 


ioz 


VCC - 5.5 V, 


v O = V CC or 0 


±5 


HA 


ice* 


V| = V C c-0.2VorO 


400 


pA 


AlcC* 


VCC = 5.5 V, 


One input at 3.4 V, Other inputs at Vcc or G ND 


1 


mA 


Cj 


V| = 0, 


f=1MHz 


4 


PF 


Co 


Vq = 0, 


f = 1 MHz 


8 


PF 



t All typical values are at Vcc = 5 V, Ta = 25°C. 
$ ICC tested with outputs open 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, Cj_ = 50 pF (see Figures 4 and 5) 



PARAMETER 


FROM 


TO 


'ACT7802-25 


ACT7802-40 


ACT7802-60 


UNIT 


(INPUT) 


(OUTPUT) 


MIN 


TYPt 


MAX 


MIN 


MAX 


MIN 


MAX 


fmax 


LDCKor UNCK 




40 


25 


16.7 


MHz 


tpd 


LDCKT 


AnyQ 


8 


20 


30 


8 


35 


8 


45 


ns 


tpd 


UNCK? 


AnyQ 


12 




30 


12 


35 


12 


45 


ns 


t pd § 


UNCKt 


AnyQ 


21 






ns 


tPLH 


LDCKt 


EMPTY 


4 




18 


4 


20 


4 


22 


ns 


tPHL 


UNCKt 


2 




18 


2 


20 


2 


22 


tPHL 


RESETi 


EMPTY 


2 




18 


2 


20 


2 


22 


ns 


tPHL 


LDCKt 


FOIL 


4 




18 


4 


20 


4 


22 


ns 


tPLH 


UNCKt 


FULL 


4 




17 


4 


19 


4 


21 


ns 


RESET4 


2 




17 


2 


19 


2 


21 


tpd 


LDCKt 


AF/AE 


2 




20 


2 


22 


2 


24 


ns 


UNCKt 


2 




20 


2 


22 


2 


24 


tPLH 


RESEU 


AF/AE 


2 




17 


2 


19 


2 


21 


ns 


tPLH 


LDCKt 


HF 


2 




18 


2 


20 


2 


22 


ns 


tPHL 


UNCKt 


HF 


2 




18 


2 


20 


2 


22 


ns 


RESETS 


2 




17 


2 


19 


2 


21 


*en 


OE 


AnyQ 


2 




12 


2 


14 


2 


16 


ns 


tdis 


OE 


AnyQ 


2 




14 


2 


16 


2 


18 


ns 



t All typical values are at Vcc = 5 V, T A = 25°C. 

§ This parameter is measured with Cj_ = 30 pF (see Figure 1). 



operating characteristics, Vqc = 5 V, = 25°C 



PARAMETER 


TEST CONDITIONS 


TYP 


UNIT 


Cpd Power dissipation capacitancer per channel 


CL = 50pF, f = 5MHz 


65 


PF 
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TYPICAL CHARACTERISTICS 

PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 



typ + 8 



typ + 6 



typ + 4 



typ + 2 



Q. 

I 



typ 



typ -2 



vcc = 


:5V 










R|_ = 500 Q 
T A = 25°C 











































































































50 100 150 200 250 300 
C|_ - Load Capacitance - pF 
Figure 1 



a 

c 
o 

« 
a 



a. 

i 



POWER DISSIPATION CAPACITANCE 
vs 

SUPPLY VOLTAGE 



typ + 3 
typ + 2 
typ+1 
typ 



typ-1 
typ-2 
typ -3 



f = 

TA 

-c L 


I 

5 MHz 
= 25°C 
















= 50 


pp 

































































































4.5 4.6 4.7 4.8 4.9 5 5.1 5.2 5.3 5.4 5.5 
Vcc - Supply Voltage - V 
Figure 2 
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TYPICAL CHARACTERISTICS 



calculating power dissipation 

The maximum power dissipation (Pj) of the SN74ACT7802 can be calculated by: 
Pt = V CC x [Ice + (N x Al cc x dc)] + S(C pd x V cc 2 x fj) + E(C L x V CC 2 x f 0 ) 
where: 



Ice = power-down Ice maximum 

N = number of inputs driven by a TTL device 

A Ice = increase in supply current 

dc = duty cycle of inputs at a TTL high level of 3.4 V 

C pc j = power dissipation capacitance 

C|_ = output capacitive load 

fj = data input frequency 

f 0 = data output frequency 
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APPLICATION INFORMATION 



LDCK- 



FULL" 



<3 



D18-D35 



D0-D17 



:> 



SN74ACT7802 
LDCK UNCK 



FULL 



D0-D17 



EMPTY 
OE 

Q0-Q17 



SN74ACT7802 
LDCK UNCK 



FULL 



D0-D17 



EMPTY 
OE 

Q0-Q17 



O- 



UNCK 

EMPTY 
OE 



Q18-Q35 



^>Q0- 



Q17 



Figure 3. Word-Width Expansion: 1024 Word by 36 Bit 
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From Output _ 
Under Test 



PARAMETER MEASUREMENT INFORMATION 

Input 



R|_ = 500 Q 



^ Cl = 50pF 



Output 



tpd^ >j 



3V 
GND 



K ^tpd 

V f 3V 

\l.5V 

\— ov 



LOAD CIRCUIT 



TOTEM-POLE OUTPUTS 



Figure 4. Standard CMOS Outputs (FULL, AF/AE, EMPTY) 



Input 



R L = R1 = R2 / S1 



tpZL- 



R1 



From Output 
Under Test 



Test 
Point 



Output 



1.5 V 

L 



•1.5 V 



tPLZ 



3V 
OV 

«3.5V 



_£ 
t 



R2 



tpZH- 



Output 



tpHZ -H N- 

V 1--"^ V0H 

\ o.3 V-^ 

_/ — « — «ov 



LOAD CIRCUIT 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 



PARAMETER 


R1.R2 


c L t 


S1 


ten 


tPZH 


500 Q 


50 pF 


Open 


*PZL 


Closed 


tdis 


tPHZ 


500 Cl 


50 pF 


Open 


tPLZ 


Closed 


tpd 


500 Q 


50 pF 


Open 



t Includes probe and test-fixture capacitance 
Figure 5. 3-State Outputs (Any Q) 
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General Information 



1 



Telecom Sinqle-Bit FIFOs 


2 


Reduc©d*Width FIFOs 




9-Bit Clocked/Strobed FIFOs 


m 


8- arid 9-Bit Asynchronous FIFOs 


5 


9-Bit Synchronous FIFOs 


6 


18-Bit Clocked FIFOs B 


18-Bit Strobed FIFOs 


8 


Multi-Q™ 18-Bit FIFO 


9 


3.3-V Low-Powered 18-Bit FIFOs 


10 


DSP 32- and 36-Blt Clocked FIFOs 


11 


Internetworking 36-Blt Clocked FIFOs 


12 


Hlgh»Bandwldth Computing 36«Blt Clocked FIFOs 


13 


Military FIFOs 


14 


Application Reports 


15 


Mechanical Data 


16 
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MULTI-Q™ 

Features 



18-BIT FIFO 

Benefits 



Three programmable FIFOs on one 
device. Depths range from 256 to 4K 
words. 

Synchronous multiplexer for queue output 
selections 

Cell-ready flag for each queue 
synchronized to read clock 

Three programmable-cell flags 
Programmable-cell size for each queue 
Clocked interface 

Separate programming/diagnostic bus 



Input and output start of cell indicator 

0.8-|Lim CMOS process 

EIAJ standard 100-pin thin quad flat 
package (TQFP) 



• Permits user to define each FIFO queue 
depth for quality of service (QOS) 

• Allows user to easily select desired output 

• Indicates minimum of one complete cell 
available for reads 

• Allows user to choose each cell-status 
indicator 

• Allows user to define from 1 0 to 32 1 8-bit 
words for cell 

• Read and write enables synchronized to 
continuous clock signal 

• Allows separate bus for programming 
required parameters as well as allowing a 
direct path into each cell for diagnostics 

• Ensures cell alignment for writes and 
reads 

• Fast access times combined with low 
power 

• Fine-pitch package option for reduced 
board space 
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4096 x 18 Total Memory Size 

Three Programmable-Depth FIFOs on One 

Device 

Memory Allocation of 256 x 18 Blocks 

Two Separate Read and Write Clocks 
That Can Operate Synchronously or 
Asynchronously 

Clocked Interface; Read and Write Enables 
Synchronize Data Transfers to Continuous 
Clocks 

Programmable Cell Size From 10 to 32 
18-Bit Words 

Cell-Abort Feature to Discard a Previous 
Cell Write 

Cell-Ready Flag for Each Queue 
Synchronized to Read Clock 



Programmable Flag With Hysteresis for 
Each Queue Synchronized to Write Clock 

Last Word of Cell Flag Synchronized to 
Read Clock 

Input or Output Bus Size of 9 Bits or 
18 Bits, Byte Stuff/Destuff Capability 
Data Access Times of 11 ns 

Synchronous Multiplexer for Queue Output 
Selection 

8-bit Bidirectional Programming Port 
Clock Frequencies up to 50 MHz 
Produced in 0.8-Lim Advanced CMOS 
Technology 

Available in 100-Pin Thin Quad Flat (PZ) 
Package 



description 



The Multi-Q FIFO is a first-in, first-out (FIFO) memory with three programmable-length queues and a total 
memory size of 4096 words of 1 8 bits each to provide two or three quality of service (QOS) bins for ATM traffic 
in a single device. The core memory is divided into sixteen 256 x 1 8 blocks that can be allocated to each queue 
according to the user's need. 

Flags for the queues are designed to indicate the presence or absence of entire cells rather than individual 
words. The number of 1 8-bit words that constitutes one cell is programmable by the user and has a default value 
of 27. A cell-ready (CR) flag for a queue is high when at least onecomplete cell is present in the queue. Each 
CR flag is synchronized to the read clock (RDCLK). The full flag (FF) for each queue is synchronized to the write 
clock (WRTCLK) and indicates when no more cells can be written to the queue. A programmable flag (PF) is 
provided for each queue, which is synchronized to the WRTCLK. Each PF has two programmable values. PF 
is low when the number of cells in the queue are greater than or equal to the first limit, and it is set high when 
the number of cells in the queue are reduced to the second limit. This allows the user to define a hysteresis 
threshold for the flag if it is needed. 

WRTCLK and RDCLK are designed to be free-running clock inputs to maintain the proper synchronization of 
the flags. The clocks are synchronized or asynchronous in phase, frequency, or both. Writes to one of the three 
queues is done by a rising edge of WRTCLK when the queue's write enable (WRTEN) is high. Any write can 
be done to two or three of the queues simply by asserting two or three of the WRTEN inputs for a WRTCLK rising 
edge. Data is read from a queue by the rising edge of RDCLK when the queue is selected by the multiplexer 
(MUX0, MUX1 ) inputs and the read enable (RDEN) is high. Configuration registers can be programmed to set 
the input or output port sizes to 9 bits or 1 8 bits. Big- or little-endian data format can be selected for the buses. 
When matching 9-bit buses to 1 8-bit or 36-bit buses with the Multi-Q, byte stuffing can be selected for the data 
input and byte destuffing can be done on the data output. 



Multi-Q is a trademark of Texas Instruments Incorporated. 
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functional block diagram 
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Terminal Functions 



TERMINAL 
NAME 


I/O 


DESCRIPTION 


ABRT 


I 


Abort. When ABRT is held low, all data stored since the queue's last cell-abort marker are discarded. 


ALER 


0 


Align error. ALER maintains cell synchronization at the input. If ISOC and internal start-of-cell status disagree, ALER 
is low and writes are disabled. 


BREQ 


I 


Di to rani ta^ \A/rian D D [r% I/~\\a/ r^\A/D f"^ V io eat I/"\\a/ onH iA/ritAC oca riarfrtrmaH th d f*Anfini iratiAn ronictorc Whan 

dus request, vvnen oncu is low, uvvnuT is sex low ana writes are periorrneu io ine ouiniyuiaiiun reyioieid. vvrieii 
BREQ is high, DWRDY is set high and writes are performed to the 18-bit input port. 


CR 


0 


r^all-raaHw flan far oar>h oiioiio ic hi/*ih u/hctn at laact nno /v^mrvloto foil ic nrocont in tho niioiio fiR ic cot \r\\fj iirv~»n 
well i tJctuy May. \jrt iui oav/i I ijucuc io I iiyi I wi ioi I ai itsaoi ui io i ipioicj ooii io pi noci h ii i uio i^ucuo. \jr\ io ooi iuw upui ■ 

the read of the last word or byte in a cell, if no other complete cells are stored in the FIFO. 


D0-D17 


I 


18-bit data input port 


DS 


I 


uaia siroDe. m nign-io-iow iransiiion oi l/o laicnes ine uaia on ine o-dii prograrnrTiiriy dus io xne connguraiion rcyisxers. 
A low-to-high transition of DS sends the data from configuration registers to the programming bus. 


DWRDY 


, 0 


Data-write ready. DWRDY gives control of data writing to the input bus or the 8-bit programming bus. Data writes to the 
programming bus are allowed when DWRDY is low and data writes to the synchronous bus are allowed when DWRDY 
is high. 


FF 


0 


Full flag. Full flag for each queue is synchronized to the WRTCLK. When FF is low, no more cells can be written to the 
Fl FO. FF is set high by the second low-to-high transition of WRTCLK after the last byte or word read of a cell in the queue. 


ISOC 


I 


Input start of cell. ISOC must be high for the first word or byte write of a cell and low for all other word or byte writes. 


MUX1, 
MUXO 


I 


Multiplexer inputs. MUX1 and MUXO select one of the three queues output registers. 


OE 


I 


Output enable. Q0-Q1 7 are in the high-impedance state when OE is low. 


osoc 


0 


Output start of cell. OSOC is high when the first word or byte of cell is present in the output register of the queue. When 
any other word or byte of a cell or invalid data is present in the output register of the queue, OSOC is low. 


P0-P7 


I/O 


8-bit bidirectional programming bus 


PF 


0 


Programmable flag. PF is low when the number of cells in the queue are greater than or equal to write threshold stored 
in the queue's PFX_W register. PF is set high when the number of cells in the queue are reduced to the read threshold 
stored in the queue's PFX_R register. 


POE 


I 


Program output enable. The programming bus (P0-P7) outputs are active when POE is low and R/W is high. 


Q0-Q17 


0 


18-bit data output port 


RST 


I 


FIFO reset. To reset FIFO, four low-to-high transitions of WRTCLK and four low-to-high transition of RDCLK must occur 
while RST is low. 


RDCLK 


I 


Read clock. RDCLK is a continuous clock and is asynchronous or coincident to WRTCLK. A low-to-high transition of 
RDCLK reads data from a queue when the queue is selected by MUXO, MUX1 and RDEN is high. 


R/W 


I 


Read/write select. R/W high selects a read operation and low selects a write operation on the 8-bit programming bus. 


RDEN 


I 


Read enable. RDEN high enables a low-to-high transition of the read clock to read data from the queue selected by 
MUX1 and MUXO. 


WRTCLK 


I 


Write clock. WRTCLK is a continuous clock and can be asynchronous or coincident to RDCLK. A low-to-high transition 
of WRTCLK writes data to one of the 3 queues when WRTEN and FF are high. 


WRTEN 


I 


Write enable. A queue's WRTEN must be high to enable a low-to-high transition of WRTCLK to write data to the queue. 
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detailed description 
reset 

The Multi-Q FIFO is reset by setting the reset (RST) input low for four WRTCLK and four RDCLK low-to-high 
transitions. When the device is reset, the cell ready (CR1 , CR2, and CR3 ) flag s for each queue are set low, the 
progr ammab le flags (PF1 , PF2, and PF3) are set high, the full flags (FF1 , FF2, and FF3) are set high, the align 
error (ALER) is set high, and the output start of cell (OSOC) is set low. During a device reset, the default values 
shown in Table 1 are loaded into the configuration registers. 



Table 1. Configuration Registers 



REGISTER 
SYMBOL 


REGISTER NAME 


NO. OF 
BITS 


DEFAULT 
VALUE 


PROGRAMMABLE 
RANGE 


FUNCTION 


PORT 


Port Control 


5 


o 


Rit-^linp nontrnl 

LJI l OIIVsv \s\Jl III \J1 


Chooses the data input and output bus size 
and format. Controls output byte destuffing. 


QL1 


Queuel Length 


5 


8 


0-16 


Defines number of 256 x 18 memory blocks 
allocated to Queuel 


QL2 


Queue2 Length 


4 


6 


0-15 


Defines number of 256 x 18 memory blocks 
allocated to Queue2 


QL3 


Queue3 Length 


4 


2 


0-15 


Defines number of 256 x 1 8 memory blocks 
allocated to Queue3 


CLSZ 


Cell Size 


6 


27 


10-32 


Defines the number of 1 8-bit words in one cell 


PF1_W 


Programmable Flag 1 , 
Write Threshold 


9 


71 


1-409 


Defines the number of cells stored in Queuel 
tosetPFIlow 


PF1_R 


Programmable Flag 1 , 
Read Threshold 


9 


70 


0-408 


Defines the number of cells stored in Queuel 
to reset PF1 high 


PF2_W 


Programmable Flag 2, 
Write Threshold 


9 


51 


1-383 


Defines the number of cells stored in Queue2 
to set PF2 low 


PF2_R 


Programmable Flag 2, 
Read Threshold 


9 


50 


0-382 


Defines the number of cells stored ip Queue2 
to reset PF2 high 


PF3_W 


Programmable Flag 3, 
Write Threshold 


8 


13 


1-383 


Defines the number of cells stored in Queue3 
to set PF3 low 


PF3_R 


Programmable Flag 3, 
Read Threshold 


8 


12 


0-382 


Defines the number of cells stored in Queue3 
to reset PF3 high 



default values for the configuration registers 

Port Control: 

A 4-bit register that controls the sizing and word-align functions of the input and output data ports. Figure 1 
shows the bit configuration of the port-control register. Table 2 lists the register bits, names, and functions. 



4 


3 


2 


1 


0 


OUTSTF 


OUTSIZ 


INSTF 


INBE 


INSIZ 



Figure 1. Port-Control Register 
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default values for the configuration registers (continued) 



Table 2. Port-Control Register Bits 



BIT 


NAME 


VALUE 


FUNCTION 


0 


INSIZ 


0 (default value) 
1 


Enables an 18-bit input data bus 
Enables a 9-bit input data bus 


1 


INBE 


0 (default value) 
1 


Enables the placement of D0-D8 data in memory with a little-endian format if INSIZ bit is a 1 
Enables the placement of D0-D8 data in memory with a big-endian format (INSIZ bit is a 1) 


2 


INSTF 


0 (default) 
1 


Sets the end of a cell write to be the last byte write of the last word as defined by the cell size (CLSZ) 
register if INSIZ bit is a 1 

Sets the end of a cell write to be the first byte write of the last word and the byte write is copied to both 
bytes of the word (INSIZ bit is a 1) 


3 


OUTSTF 


0 (default) 
1 


Enables 18-bit data output 
Enables 9-bit data output 


4 


OUTSTF 


0 (default) 
1 


Allows byte reads to precede normally on all words of a cell (OUTSIZ bit is a 1) 

After the first byte of the last word of a cell is read, the last byte of the last word of that cell is ignored 
and the first byte of the first word of the subsequent cell is read (OUTSIZ bit is a 1). 



Queue Length: 

The three queue-length registers (QL1 , QL2, and QL3) have default values of 8, 6, and 2, respectively. This 
defines the 18-bit wide Queuel memory depth as 2048 (8 x 256); Queue2 memory depth as 1536 (6 x 256); 
and Queue3 memory depth as 512 (2 x 256). The QL1 register has five bits and can be programmed to utilize 
the entire memory of the device for Queuel . 



Cell Size: 

The cell-size register (CLSZ) has a default value of 27. This defines 27 1 8-bit words as one cell for the cell-ready 
flags and programmable flags. 

Programmable-Flag Write Threshold: 

The default values for the PF1_W, PF2_W, and PF3_W registers are chosen to set the respective 
programmable flags low when the number of 27-word cells stored in its queue is five cells from filling its buffer. 

Programmable-Flag Read Threshold: 

The default values for the PF1_R, PF2_R, and PF3_R registers are chosen to reset the respective 
programmable flags high when the number of 27-word cells stored in its queue is reduced by (PF1_W)-1, 
(PF2_W)-1, (PF3_W)-1. 

data writes 

Data writes are synchronized to the write clock (WRTCLK) and can occur asynchronous to the read clock 
(RDCLK) while any of the three queues are being read. The data-write-ready (DWRDY) output must be high 
to allow a data write from the data inputs (D0-D17) into one or more of the queue memories. When DWRDY 
is high, the low-to-high transition of WRTCLK stores data (D0-D1 7) in Queuel when the WRTEN1 input is high 
and the FF1 output is high, Queue2 when the WRTEN2 input is high and the FF2 output is high, and Queue3 
when the WRTEN3 input is high and the FF3 output is high. Data can be stored in two or three queues 
simultaneously by asserting two or three WRTEN signals. 

The input start-of-cell (ISOC) input and the align-error (ALER) output are used to maintain cell synchronization 
at the input of the device. The ISOC should be high for the first word or byte write of a cell and should be low 
for all other word or byte writes of the cell. The SN74ACT53861 maintains its own start-of-cell status and 
compares this to the ISOC on each word or byte write. If a word or byte wr ite is attempted when the ISOC and 
the internal start-of-cell status disagree, the write is prevented and ALER is set low. 
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data writes (continued) 

When all words of a cell are successfully written to one of the queues, the queue flags are updated. In addition 
to updating the queue flags, a completed cell write moves the cell-abort marker to the next memory write location 
in the queue. After a reset, the cell-abort marker for each queue is positioned at the first memory write location. 

If a 9-bit data input is selected by the port-control register, data is input to the FIFO through bits D0-D8. If the 
INBE bit of the PORT register is set to 1 , data is stacked into memory big-endian style with the first byte write 
of a word stored in the D9-D17 byte and the second byte write of a word stored in the D0-D8 byte. If INBE 
is set to 0, little-endian stacking is enabled with the first byte write of a word stored in the D0-D8 byte and the 
second byte write of a word stored in the D9-D17 byte. 

All data writes since a queue's last cell-abort marker are discarded when the abort (ABRT) input is held low and 
the queue's write enable (WRTEN 1 , WRTEN2, or WRTEN3) is held high for a low-to-high transition of WRTCLK. 
The internal write pointer for the queue memory is set to the cell-abort marker for the queue, discarding all data 
written since the last cell completion. No data write is performed during the abort cycle. 

data reads 

Data reads are synchronized to the read clock (RDCLK) and can occur asynchronous to the write clock 
(WRTCLK) while any of the three queues are being written. A data read is done on a queue by the low-to-high 
transition of RDCLK when the queue is selected by the multiplexer (MUXO, MUX1 ) inputs (see Table 3), the read 
enable (RDEN) input is high, and the cell-ready-flag (CR1 , CR2, or CR3) output for the queue is high. 

Table 3. Output-Queue Selection by Multiplexer Inputs 



MUX1 


MUXO 


QUEUE OUTPUT 


0 


0 


Queuel 


0 


1 


Queuel 


1 


0 


Queue2 


1 


1 


Queue3 



The status of the OUTSIZ bit in the PORT register determines if the output data bus size is 1 8-bit word or 9-bit 
byte. If OUTSIZ is 0, each read outputs a new queue word on Q0-Q17. If OUTSIZ is 1 , the first read outputs 
a new queue word on Q0-Q1 7 and the next read swaps the byte order of Q0-Q8 and Q9-Q1 7. This pattern 
is repeated for each subsequent word read. 

If the OUTSTF bit in the PORT register is a 1 and the OUTSIZ bit is a 1 , the first byte read of the last word of 
a cell completes the cell read and the next byte read outputs a new word on the data bus, discarding the last 
byte of each cell. No change in data output flow occurs if OUTSTF is a 0. 

The cell-ready flag and programmable flag for each queue are updated upon the read of the last word of a cell. 
The number of words in a cell is defined by the contents of the cell-size (CLSZ) configuration register. When 
the output-data-bus size is byte and the OUTSTF bit is a 0, the last byte read of the last word of a cell updates 
the flags. If OUTSTF bit is a 1 , the first byte read of the last word of a cell updates the flags. 

The output-start-of-cell (OSOC) output is high when the first word or byte of a cell is present in the output register 
of the queue selected by the MUX1 and MUXO inputs. When any other word or byte of a cell is present in the 
output register of the queue selected by the MUX1 and MUXO outputs or if the contents of the selected register 
is invalid, the OSOC is low. OSOC is synchronous to the low-to-high transition of RDCLK. 

Switching queues for data output is done synchronous to the low-to-high transition of RDCLK. If RDEN and the 
cell-ready flag are high at the time the queue output switch occurs, a read is done on the new queue. If RDEN 
is low at the time the queue output switch occurs, the previously read data value held in the new queue's output 
register is output on Q0-Q17. Queue switching should only be performed on cell boundaries. 
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data reads (continued) 

OE controls the state of the data outputs (Q0-Q17). When OE is high, Q0-Q17 are active. When OE is low, 
Q0-Q1 7 are in the high-impedance state. 

cell-ready flags 

Each queue has a cell-ready flag (CR1 , CR2, or CR3) that is high when at least one complete cell is stored in 
the queue. The cell-ready flags are synchronized to the low-to-high transition of the RDCLK. After reset, the 
cell-ready flags are set low. The low-to-high transition of a queue's cell-ready flag is initiated when a cell write 
to an empty queue is complete. The queue's cell-ready flag is set high by the second RDCLK rising edge after 
this event. The cell-ready flag is set low upon the read of the last word or byte in a cell if no other complete cells 
are loaded in the queue. Reads from a queue are inhibited while its cell-ready flag is low. 

full flags 

Each queue has a full flag (FFT, FF2, or FF3) that is set high when at least one complete cell space is available 
in the queue. Upon programming the queue length and the cell size, the SN74ACT53861 calculates the 
maximum number of complete cells which can be written to a queue. When the number of cells stored in a queue 
is equal to this maximum value, the queue's full flag is set low. full flags are synchronous to the low-to-high 
transition of the WRTCLK. When a queue's full flag is low, the full flag is set high by the second WRTCLK 
low-to-high transition after the last byte or word read of a cell in the queue. 

programmable flags 

Each queue has one programmable flag (PF1 , PF2, or PF3) that is synchronized to the low-to-high transition 
of the WRTCLK. Two registers per queue define the boundaries of the programmable flags; the write threshold 
register (PF1_W, PF2_W, or PF3_W) and the read threshold register (PF1_R, PF2_R, or PF3_R). When the 
word write that stores the number of complete cells equals the queue's PFx_W register, its programmable flag 
is set low. The low-to-high transition of the programmable flag is initiated by the read of the last word or byte 
in a cell. This reduces the number of stored cells equal to the queue's PFx_R value. The programmable flag 
is set high by the second WRTCLK low-to-high transition after this event. 

programming the configuration registers 

The configuration registers for the Multi-Q FIFO can be programmed after a device reset and before data is 
written to one of the queues. The programming port (P0-P7) is used to sequentially write or read the 
configuration registers. 

In order to write to the configuration registers, control of the bus must first be acquired by asserting the 
bus-request (BREQ) input low, which in turn sets the data write ready (DWRDY) output low after two rising edges 
of WRTCLK. DWRDY gives data-writing control to the synchronous input bus (WRTCLK, WRTEN1-3, 
D0-D1 7) or the 8-bit programming bus. Data writes to the programming bus are allowed when DWRDY is low 
and data writes to the synchronous input bus are allowed when DWRDY is_high. Data on P0-P7 is written to 
the configuration registers on the high-to-low transition of data strobe (DS) when DWRDY is low and the 
read/write (R/W) input is low. The configuration registers are written in the sequence shown in 
Table 4. Ten writes are needed to program the configuration registers. After all ten registers are programmed, 
further data-write attempts to the configuration registers are ignored until the device is reset again. When 
programming is complete, BREQ is set high to set DWRDY high and returns input control to the 18-bit 
synchronous input port. A list of rules for configuration register programming follows. 

Rules for queue length (QL1 , QL2, QL3) register values: 

Zero is the minimum value. 

Sixteen is the maximum value for QL1 . Fifteen is the maximum value for QL2 and QL3. 

Only QL1 and QL2 can be programmed by the user. QL3 is calculated by the device to use the remaining 
memory (if any exists). 
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programming the configuration registers (continued) 

Rules for cell-size (CS) register values: 

Ten is the minimum value. 

Thirty-two is the maximum value. 
Rules for programmable-flag write-threshold (PF1_W, PF2_W, and PF2_W) register values: 

One is the minimum value. 

Value must not exceed number of complete cells that can be stored in the buffer defined by its queue length 
register and the cell-size register. 

The PF1_W, PF2_W, and PF3_W registers are nine bits each. The most significant eight bits are 
programmable by the user and the least significant bit is always a 1 ; therefore, PFx_W values are odd. 

Rules for programmable-flag read-threshold (PF1_R, PF2_R, and PF3_R) register values: 

Zero is the minimum value. 

Value must be less than the corresponding programmable-flag write-threshold register value. 

The PF1_R, PF2_R, and PF3_R registers are nine bits each. The most significant eight bits are 
programmable by the user and the least significant bit is always 0; therefore, all PFx_R values are even. 

Table 4. Accessing Configuration Registers From the Programming Bus for Data Writes 



WRITE 
ORDER 


REGISTER 


PROGRAMMING 
BUS PORTS 


MSB 


LSB 


1 


PORT 


P4 


P0 


2 


QL1 


P4 


P0 


3 


QL2 


P3 


P0 


4 


CLSZ 


P5 


P0 


5 


PF1_W 


P7 


P0 


6 


PF1_R 


P7 


P0 


7 


PF2_W 


P7 


P0 


8 


PF2_R 


P7 


P0 


9 


PF3_W 


P7 


P0 


10 


PF3_R 


P7 


P0 



The programming bu s (P 0-P7) is a bidirectional port_ whose outputs are active when the 
prbgram-output-enable (POE) input is low and the read/write (R/W) input is high. When the P0-P7 outputs are 
active, data from the configuration registers are output. The next configurationjegister [resequence shown in 
Table 5 is sent to the programming-bus outputs on a low-to-high transition of DS when R/W is high. After all ten 
registers have been read in sequence, a subsequent programming-bus read accesses the PORT register again. 
Unused bit values for a register appear as logical 0 on the programming bus. 
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programming the configuration registers (continued) 

Table 5. Accessing Configuration Registers From the Programming Bus for Data Reads 



WRITE 
ORDER 


REGISTER 


PROGRAMMING 
BUS PORTS 


MSB 


LSB 


i 


PORT 
run i 


P3 


P0 


2 


QL1 


P4 


P0 


3 


QL2 


P3 


P0 


4 


CLSZ 


P5 


P0 


5 


PF1_W 


P7 


P0 


6 


PF1_R 


P7 


P0 


7 


PF2_W 


P7 


P0 


8 


PF2_R 


P7 


PO 


9 


PF3_W 


P7 


P0 


10 


PF3_R 


P7 


PO 



"0 
3) 

o 

D 
C 

o 

H 

TJ 
13 

m 
< 

m 



WRTCLK 



RDCLK 




*pd(W-PF) 

pFo,2,3, y/////////s//zzzz% 



I t pd (R_CR) (4 



cr,i,2,3) nssssssssssSssssssssss^ 



tpd(R-OS) k- 



osoc NSSSSSSSSSXsSSSA 



Figure 2. Device Reset 
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WRTCLK /" 



ABRT 



tsu(EN) k 



> i « d ^(EN) 



ALER 



WRTEN1 



SU(EN) \ 



V////////////ZZZ2 



H th(EN) 



tsu(EN) h *H — *j th ( EN ) 



k t su ( D ) ^ » | t h (D) 

do-017 6&666666666StXSZ®k word 1 of can fe^^ 

NOTES: A. DWRDY = H 

B. Data is loaded to Queue2 or Queue3 in the same manner when the corresponding WRTEN is active. 

C. INSIZ bit of PORT register = 0 



Figure 3. Writing Word-Length Data to Queuel 



WRTCLK /" 



ABRT 



^tzzzzzzzzzzzzzzzzj- 



ALER 



tsu(EN) k- 



wrteni 7ZZZZZZZZZZZZZZZZ2 



»j th(EN) 



tsu(EN) f 



th(EN) 



tsu(D) k- 



— ^ *h(D) 



D0-D8 ><>WfrX*X*^^ 

Stored in Stored in 

D9-D17Byte D0-D8 Byte 

NOTES: A. DWRDY = H 

B. Data is loaded to Queue2 or Queue3 in the same manner when the corresponding WRTEN is active. 

C. INSIZ bit of PORT register = 1 ; INBE bit of PORT register = 1 . 

Figure 4. Writing Byte Data to Queuel in Big-Endian Configuration 



UJ 

> 

UJ 

cc 

Q_ 
I- 

o 

D 
Q 
O 

CC 

a. 
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"O 
33 
O 

o 
c 
o 

—i 

TJ 
33 

m 

m 
3 



WRTCLK /" 



"X. 



ABRT 



isoc YZZZZZZZZZZZZZZZZT 



ALER 



tsu(EN) k- 



wrteni YZZZZZZZZZZZZZZZZT 

tsu(D) k 



»j ^(EN) 



tsu(EN) f 



///////// 



th(EN) 



*fl— >l *h(D) 



D0-D8 ^MfcMMWi^ieM 

Stored in Stored in 

D0-D8Byte D9-D17Byte 

NOTES: A. DWRDY = H 

B. Data is loaded to Queue2 or Queue3 in the same manner when the corresponding WRTEN is active. 

C. INSIZ bit of PORT register = 1 ; INBE bit of PORT register - 0. 



Figure 5. Writing Byte Data to Queuel in Little-Endian Configuration 



WRTCLK f 



s 



ABRT 



tsu(EN) k 



*k— *l th(EN) 



■soc nSSSSSSSSSSSSSSSXA I J 



ALER 



tsu(EN) k- 



wrteni YZZZZZZZZZZZZZZZZT 

tsu(D) k 



-H«— H *h(EN) 



V * j *h(D) 

D0-D17 ^mml Word27 of CeH feXXXXX^^ Word of CeN ttXXXXXXX) 

NOTES: A. CLSZ = 27 for the example 

B. DWRDY = H 

C. A cell is confirmed to Queue2 or Queue3 in the same manner when the corresponding WRTEN is active. 

D. INSIZ bit of PORT register = 0 

Figure 6. Cell-Write Completion With 18-Bit Input 
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WRTCLK /" 



ABRT 



ISOC 



tsu(EN) 

\\\\\\\\\\\\\\\\^ 



-N«— *j th(EN) 



tsu(EN)k 



■H — »j th(EN) 



ALER 



*su(EN) k- 

wrteni -zzzzzzzzzzzzzzzzzr 



H « d *h(EN) 

-r — ' 



tsufD) 



— J ^(D) t su ( D ) V 



<su(EN) [i »k » | th(EN) 



XNNNNNNV 

♦|*h(D) 



NOTES: A. CLSZ = 27 for the example 

B. DWRDY = H 

C. A cell is confirmed to Queue2 or Queue3 in the same manner when the corresponding WRTEN is active. 

D. INSIZ bit of PORT register = 1 ; INSTF bit of PORT register = 0. 



Figure 7. Cell-Write-Completion Example With 9-Bit Input and No Byte Stuffing 



WRTCLK /" 



A. 



ABRT 



ISOC 



tsu(EN) j<- 

^\\\\\\\\\\\\\\\\\ 



. ^--v tsu(EN)|4- 



*j th(EN) 



->! th(EN) 



ALER 



WRTEN 1 



tsu(EN) k- 
tsu(D) k 



»| <h(EN) 



tsu(EN) | < »k »| t h(EN) 



*K— W th(D) 



s sssssss^ 



^su(D) 



^(D) 



Do-Ds 66666666666666666<^ Bytessof ce.. to66666666663?* Bytei of ce..*533355Z; 

Copied to Upper and 
Lower Bytes of the Word 

NOTES: A. CLSZ = 27 for the example 

B. DWRDY = H 

C. A cell is confirmed to Queue2 or Queue3 in the same manner when the corresponding WRTEN is active. 

D. INSIZ bit of PORT register = 1 ; INSTF bit of PORT register = 1 . 

Figure 8. Cell-Write-Completion Example With 9-Bit Input and Byte Stuffing 



LJLJ 

LU 
CC 
0. 

I- 
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o 

DC 
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WRTCLK /" 



y 



u 
o 
o 

o 

H 
T) 

m 

< 

m 



ABRT 



ISOC 



t 8U (EN) 



H th ( EN ) 



ALER 



tpd(W-AE) — H 



WRTEN 
(1,2, or 3) 



WRTCLK 



tsu(EN) f 



7ZZZZZZZZZZZZZZZZ? 



-Wt, 



h(EN) 



ISOC Disagrees With the SN74ACT53861 
Internal Start-of-Cell Indication 



r 



Figure 9. Setting ALER When ISOC Is Misaligned 

V 



*su(EN) \ 



ABRT 



-»K— » *h(EN) 



ISOC 



ALER 



'su(EN) «■ 



F+- tpd(W-AE) -»j 



th(EN) 



tsu(EN) r#~ 

wrteni YZZZZZZZZZZZZZZZZT 



H th(EN) 



D0-D17 



NOTES: A. 

B. 



Data Written to Queuel Memory Location 
Pointed to by Cell-Abort Marker 

DWRDY = H 

Data written since the last confirmation in Queue2 or Queue3 are aborted in the same manner when the corresponding WRTEN 
is active. 

Figure 10. Aborting Data In Queuel Written Since the Last Cell Completion 
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RDCLK /" 



A. 



y 



CR1 



osoc 



->jtpd(R-OS) 



tsu(EN) K- 



MUXO y////////zzfr 



*l 'h(EN) 



tsu(EN) I* 



|H th(EN) 



tsu(EN) k th(EN) 



RDEN 



v//////////// — I WWWW 



♦Itpd(R-OS) 



vxxxxxxxx>7 



|4 — t a — »j No Operation 

Q0-Q17 0*X>O<><X><^^ Wordl of Cell From Queuel ) l ( Word2 of Cell From Queuel ~ 

NOTES: A. OE = H 

B. Data is read from Queue2 in the same manner when CR2 is high with MUX1 = H and MUXO = L Data is read from Queue3 in the 
same manner when CR3 is high with MUX1 = H and MUXO = H. 

C. OUTSIZ bit of PORT register = 0 

Figure 11. Reading Word-Size Data From Queuel 



RDCLK f 



CR1 



OSOC 



^tpd(R-OS) 



tsu(EN) K- 



muxo >////////777%- 



4^ th(EN) 



tsu(EN) k 



f-M *h(EN) 



tsu(EN) k- 



H ^(EN) 



ta — H f — l a — H 



ta 



♦Itpd(R-OS) 



WWW 



/////////, 



t a »j No Operation 

Byte2 of Cell From Queuel 



Q9-Q17 >WWWW9WWWWW9^ Byte2 of Cell From QueT^ Bytel of Cell From Q^T 



NOTES: A. OE = H 

B. Data is read from Queue2 in the same manner when CR2 is high with MUX1 = H and MUXO = L. Data is read from Queue3 in the 
same manner when CR3 is high with MUX1 = H and MUXO = H. 

C. OUTSIZ bit of PORT register = 1 

Figure 12. Reading Byte-Size Data From Queuel 



UJ 

> 

UJ 

DC 
CL 

I- 

o 

Q 

o 

Q_ 



Texas 
Instruments 

POST OFFICE BOX 655303 •DALLAS, TEXAS 75265 9-17 



SN74ACT53861 

4096 x 18 CLOCKED MULTIPLE-QUEUE (MULTI-Q™) FIRST-IN, FIRST-OUT MEMORY 
WITH THREE PROGRAMMABLE-DEPTH BUFFERS AND CELL-BASED FLAGS 



SCAS443A -JUNE 1994 -REVISED JULY 1995 



■o 

7} 

o 
u 
c 
o 

H 

"0 
SJ 

m 
< 

m 



RDCLK 



r 



CR1 



OSOC 



t SU (EN)h th(EN) 



t«../CM\U hrf — kl tkfCM\ l 



*su(EN)h ^-HthtEN) | 

t_../r- k ,»l<i hL hu ti^r-nt > 



<8U(EN)P ^-Hth(EN) 



rden //Jt i vooooooooo^ — M» 



Q0-Q8 



Byte52 



ta 



WWW 
1 



/77777, 



\,\\\\\\\^ /77777 



Byte53 



ta 



No Operation 



Bytel 



Byte2 



Q9-Q17 



Byte51 



Byte54 



Byte2 



Bytel 



Last Word of Cell First Word of a Cell 

NOTES: A. CLSZ = 27 for the example 

B. OE = H 

C. Data is read from Queue2 in the same manner when CR2 is high with MUX1 = H and MUXO = L. Data is read from Queue3 in the 
same manner when CR3 is high with MUX1 - H and MUXO = H. 

D. OUTSIZ bit of PORT register = 1 ; OUTSTF bit of PORT register = 1 . 



RDCLK m 

CR1* 
OSOC^ 

CR2* 



MUXO ///~ 
MUX1 ^s\ 



RDEN Y7T 



Figure 13. Reading Byte-Size Data With Byte Destuffing 

N 1 



i 



i 



T 



tpd(R-OS)*- 



-*jt p d(R-OS) 



<su(EN) k- 



t n (EN) 



tsu(EN) k- 



to™ 



//////////////A^ 



*fhM th(EN) 



tsu(EN) It- 



Read Queuel 



■M th(EN) 



ta 



Read Queue2 



t a 



Read Queue2 



Q0-Q17 



Last Word of Cell 
From Queuel 



First Word of a Cell 
From Queue2 



NOTES: A. OE = H 

B. If a read from Queue2 is disabled by CR2 low or RDEN low during the cycle the output switch occurs, the previous data held in the 
Queue2 output register is output. 

C. OUTSIZ bit of PORT register = 0 

Figure 14. Example of Switching Queues on the Output 
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WRTCLK 
ISOC 



ALER 

WRTEN1 ////// S^^. 



D0-D17 
RDCLK 

CR1 
OSOC. 



Last Word Write of Only Cell in Queuel 



tpd(R-CR)|* 



Jr 



tpd(R-OS)H- 



T 



MUX1, jyr 
MUXO 



f » j tpd(R-CR) 



-H tpd(RrOS) 



i- 



|« — ta — H f«— *a-H t»- *• — •! 

Q0-Q17 C><XXXXXXXXXXXXXX^^ wi it w2-^n-i *~~w7 



NOTES: A. Outputs enabled (OE = H); word bus size 
B. When byte size output bus is used: 

- If OUTSTF bit of PORT register - 1, CR1 set low by first byte read of Wn. 

- If OUTSTF bit of PORT register - 0, CR1 set low by last byte read of Wn. 

Figure 15. CR1 Timing Example 
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WRTCLK 



o 

D 

O 
H 

■D 
33 

m 
m 



WRTEN1 ////// 
ISOC 



ALER 
D0-D17 

FF1 
RDCLK 

RDEN 



Last Write of Cell to Fill Queuel 
|« -H tpd(W-FF) 



-H tpd(W-FF) 



MUX1, Tyr- 
MUXO -*\- 



OSOC 



(0,1) 



Wn 



Last Read of Cell 



NOTES: A. Outputs enabled (OE = H); word bus size 
B. When byte size output bus is used: 

- If OUTSTF bit of PORT register = 1, FF1 set low by first byte read of Wn. 

- If OUTSTF bit of PORT register = 0, FF1 set low by last byte read of Wn. 

Figure 16. FF1 Timing Example 
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WRTCLK 
WRTEN1 ////// 

ISOC 

ALER 



D0-D17 

PF1 
RDCLK 

RDEN 



Last Write of Ceil to Fill Queuel to PF1_W Ceils 
p H tpd(W-PF) 



-M tpd(W-PF) 



jzzt 



MUX1, ry- 
MUXO 



OSOC 



(0,1) 



Wn 



Last Read of Cell to Reduce 
Queuel to PF1 R Cells 



NOTES: A. Outputs enabled (OE = H); word bus size 
B. When byte size output bus is used: 

- If OUTSTF bit of PORT register » 1, PF1 set low by first byte read of Wn. 

- If OUTSTF bit of PORT register - 0, PF1 set low by last byte read of Wn. 

Figure 17. PF1 Timing Example 
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WRTCLK 




DWRDY 



r/w NWWWWWSSl 



DS 



P0-P7 



tsu(DR-DS) K" 




hu(P)P—*f—*\MP) 

I c Wrltel j 

PORT 

Figure 18. Writing to the Programming Registers 



BREQ 



"0 
7} 
O 
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O 
H 

TJ 
73 

m 
< 

m 



DWRDY 



R/W 




ten(P)H M VdtDS-P) 



P0-P7 ^ZPk Readl )f" Read2 X Read3 X Read4 / 



PORT QL1 QL2 QL3 

Figure 19. Reading From the Programming Registers 



PF3_R 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqq -0.5 V to 7 V 

Input voltage range, V| (see Note 1) , -0.5 V to Vcc + 0-5 V 

Output voltage range, Vq (see Note 1) -0.5 V to Vqc + 0.5 V 

Input clamp current, l||< (V| < 0 or V| > Vcc) ±20 mA 

Output clamp current, Iqk ( v 0 < 0 or Vq > V<x) ± 50 mA 

Continuous output current, Iq (Vq = 0 to Vcc) ±5 ° mA 

Continuous current through Vcc or GND ±400 mA 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output voltage ratings may be exceeded provided the input and output current ratings are observed. 



recommended operating conditions 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


V 


V|L 


Low-level input voltage 


0.8 


V 


'OH 


High-level output current 


-8 


mA 


lOL 


Low-level output current 


16 


mA 


T A 


Operating free-air temperature 


0 


70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP* MAX 


UNIT 


V 0 H 


Vcc = 4.5 V, loH = -4 mA 


2.4 


V 


vol 


Vcc = 4.5 V, l0L = 8m A 


0.5 


V 


ii 


Vcc = 5 -5 V, V| = Vcc or 0 


±5 


HA 


ioz 


V C C - 5.5 V, V O = V C COr0 


±5 


HA 


'cc 


Vcc = 5.5 V, V| = Vcc - 0- 2 v or 0 


400 


MA 


AICC § 


Vcc = 5.5 V, One input at 3.4 V, Other inputs at Vcc or GND 


1 


mA 


Ci 


V| = 0, f = 1 MHz 


4 


pF 


Co 


Vq = 0, f = 1 MHz 


8 


pF 



* All typical values are at Vcc = 5 V, Ta = 25°C. 

§ This is the supply current when each input is at one of the specified TTL voltage levels rather than 0 V or Vcc- 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 2 through 19) 





MIN MAX 


UNIT 


fclock 


uiock Trequency, vvn i uLr\ or huolin 


50 


MHz 


*c 


(~ s \r\r<\s sm,s«Ia lima IA/DTPI tf e\r DnPI If 

uiocK cycle time, wh I olk, or huolk. 


20 


ns 


tw(CLKH) 


Pulse duration, wh i olk and huolk nign 


7 


ns 


tw(CLKL) 


ruise duration, wh i ana huolk iow 


7 


ns 


*w(DS) 


Pulse duration, DS high or low 


15 


ns 


t su(D) 


oeiup Time, uu— u i / oeiore wh i oli\ i 


5 


ns 


tsu(EN) 


Setup time, ISOC, ABRT, WRTEN1 , WRTEN2, and WRTEN3 before WRTCLKT; RDEN, MUXO, 

anrl Ml IY1 hofrtro RHPI k'T 

ana wiua i oeiore nuoi_r\ i 


5 


ns 


t su(RS) 


Qa+i ir» timo OCT lr\\u hafrtra \A/PTPI Iff r\r DnPI U'T't 

oeiup Time, no i iow oeiore vvn i olim ornuoLrvi • 


7 


ns 


tsu(RS2) 


Setup time, RST high before first data write 


20 


ns 


t su(R-DS) 


Setup time, R/W before DS^ 


8 


ns 


tsu(DR-DS) 


Setup time, DWRDY before DSi 


8 


ns 


tsu(P) 


Setup time, P0- P7 before DSi 


s 




th(D) 


Hold time, D0-D17 after WRTCLKT 


0 


ns 


th(EN) 


Hold time, ISOC, ABRT, WRTEN1 , WRTEN2, and WRTEN3 after WRTCLKT; RDEN, MUXO, and 
MUX1 after RDCLKT 


0 


ns 


th(RS) 


Hold time, RST low after WRTCLKT or RDCLKTt 


7 


ns 


th(R-DS) 


Hold time, R/W after DSi 


1 


ns 


th(P) 


Hold time, P0-P7 after DSi 


1 


ns 


t Requirement to count the clock edge as one of at least four needed to reset a FIFO 






switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 30 pF (see Figures 20 and 21) 


PARAMETER 


MIN MAX 


UNIT 


ta 


Access time, RDCLKT to QO -Q17 


11 


ns 


tpd(R-CR) 


Propagation delay time, RDCLKT to CR1 , CR2, or CR3 


10 


ns 


tpd(R-OS) 


Propagation delay time, RDCLKT to OSOC 


10 


ns 


tpd(W-AE) 


Propagation delay time, WRTCLKT to ALER 


10 


ns 


tpd(W-PF) 


Propagation delay time, WRTCLKT to PF1, PF2, or PF3 


10 


ns 


tpd(W-FF) 


Propagation delay time, WRTCLKT to FFT, FF2, or FF3 


10 


ns 


tpd(W-WR) 


Propagation delay time, WRTCLKT to DWRDY 


10 


ns 


tpd(DS-P) 


Propagation delay time, DST to P0-P7 


20 


ns 


*en(Q) 


Enable time, OE to Q0-Q17 active 


1 


ns 


tdis(Q) 


Disable time, OE to Q0-Q17 at high impedance 


9 


ns 


Wi(P) 


Enable time, POE and R/W to P0- P7 active 


1 


ns 


tdis(P) 


Disable time, POE and R/W to P0-P7 at high impedance 


9 


ns 



Texas 
Instruments 

9-24 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN74ACT53861 

4096 x 18 CLOCKED MULTIPLE-QUEUE (MULTI-Q™) FIRST-IN, FIRST-OUT MEMORY 
WITH THREE PROGRAMMABLE-DEPTH BUFFERS AND CELL-BASED FLAGS 



SCAS443A - JUNE 1 994 - REVISED JULY 1 995 



From Output 
Under Test 



PARAMETER MEASUREMENT INFORMATION 

Input 



R|_ = 500 Q 



i 



3V 
0V 



^ Cl = 50 pF 



tpd- 



Output 



-tpd 



3 V 

1.5 V 

OV 



LOAD CIRCUIT TOTEM-POLE OUTPUTS 

Figure 20. Standard CMOS Outputs 



7V 



L R|_ = R1 = 



Input 



1.5 V 



S1 



R1 



From Output ^ 

Under Test 

C L : 



R2 



Test 
Point 



tpZL 



-J 



\ 1.5 V 



3V 



0V 



Output 



R2 



tpLZ -*| H- 



«3.5V 



tpzH -H K- 



— v ol 

tpHZ W" " 



Output 



0.3 V 
VOH 



0.3 V 



«0V 



LOAD CIRCUIT 



VOLTAGE WAVEFORMS 



PARAMETER 


R1.R2 


C|t 


S1 


ten 


tpZH 


500 Q 


50 pF 


Open 


*PZL 


Closed 


tdis 


tPHZ 


500 a 


50 pF 


Open 


tpi_Z 


Closed 


*pd 


500 Q 


50 pF 


Open 



t Includes probe and test-fixture capacitance 
Figure 21. 3-State Outputs 



US 

> 

UJ 

cc 

Q. 

H 
O 

Q 

o 

CC 
Q. 
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General Information 


1 


Telecom Single-Bit FIFOs 


~ 


Reduced»Width FIFOs 




9-Bit Clocked/Strobed FIFOs 


D 


8- and 9-Bit Asynchronous FIFOs 


5 


9*Bit Synchronous FIFOs 


6 


1 8-Bit Clocked FIFOs B 


18-Bit Strobed FIFOs 


8 


Multi-G™ 18-Bit FIFO 


9 


3.3- V Low-Powered 18-Bit FIFOs 


10 


DSP 32- and 36-Bit Clocked FIFOs 


11 


Internetworking 36-Bit Clocked FIFOs 


12 


High-Bandwidth Computing 36»Bit Clocked FIFOs 


13 


Military FIFOs 


14 


Application Reports 


15 


Mechanical Data 


16 
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3.3- V LOW-POWERED 18-BIT FIFOS 
Features Benefits 



CO 

CO 
I 

< 

r- 
o 

? 

"D 
O 

I 

<D 

a 

CD 



o 

V) 



• Designed for 3.3-V operations 

• Drop-in replaceable for the following: 

Clocked 5 V: SN74ACT7803 
SN74ACT7805 
SN74ACT7813 

Strobed 5 V: SN74ACT7804 
SN74ACT7806 
SN74ACT7814 

Members of Texas Instruments Widebus™ 
family 

0.8-Lim CMOS process 

Tl's advanced clocked interface 
Clock frequencies as high as 50 MHz 
Fast access time 

High drive capabilities 

Depth from 64 to 2K words 

Latched input and output registers 

Grey-code flag architecture 
First-word fall-through 
Programmable AF/AE flag 
Multistage flag synchronization 

Output edge control (OEC™) circuitry 
Distributed Vcc and GND 

JEDEC standard 56-pin SSOP package 



Ensures maximum clock speed, access 
times and low power operations 

Allows easy scalability from 5 V to 3.3 V 
Clocked 3.3 V: SN74ALVC7803 
SN74ALVC7805 
SN74ALVC7813 
Strobed 3.3 V: SN74ALVC7804 
SN74ALVC7806 
SN74ALVC7814 

Combined wider data-path capability with 
reduced board space area 

Fast access times combined with low 
power 

Supports free-running clocks with enables 

Supports high-performance systems 

Access times as low as 1 3 ns for 
improved performance 

-8 mA/16 mA drive capability for high 
fanout and bus applications 

Multiple depths to optimize system 
applications 

Allows for fast access times as well as 
setup and hold times as reduced setup 
and hold times 

Eliminates race conditions 

Eases system interface requirements 

Increases design flexibility 

Increases reliability by increasing mean 
time between failures (MTBF) 

Improved reliability 

Improved noise immunity and mutual 
coupling effects 

1 8-bit product in equal or less space than 
9-bit FIFO options 
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• Operates at 3-V to 3.6-V V C c 

• Free-Running Read and Write Clocks Can 
Be Asynchronous or Coincident 

• Read and Write Operations Synchronized 
to independent System Clocks 

• Low-Power Advanced CMOS Technology 

• Half-Full Flag and Programmable 
Almost-Full/Almost-Empty Flag 

• Bidirectional Configuration and Width 
Expansion Without Additional Logic 

• Input-Ready Flag Synchronized to Write 
Clock 

• Output-Ready Flag Synchronized to Read 
Clock 

• Fast Access Times of 13 ns With a 50-pF 
Load and All Data Outputs Switching 
Simultaneously 

• Data Rates From 0 to 50 MHz 

• Pin Compatible With SN74ACT7803, 
SN74ACT7805, and SN74ACT7813 

• Available in Shrink Small-Outline 300-mil 
(DL) Package Using 25-mil Center-to-Center 
Lead Spacing 

description 



DL PACKAGE 
(TOP VIEW) 



RESET 
D17 
D16 
D15 
D14 
D13 
D12 
D11 
D10 

V C C 
D9 
D8 

GND 
D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 
HF 

PEN 



[1 u 


56 


] OET 


[ 2 


55 


] Q17 


[ 3 


54 


] Q16 


[ 4 


53 


] Q15 


[ 5 


52 


] GND 


[ 6 


51 


1Q14 
j 


[ 7 


50 


1 Vm 


[ 8 


49 


]Q13 


[ 9 


48 


]Q12 


[ 10 


47 


]Q11 


[ 11 


46 


1Q10 


[ 12 


45 


]Q9 


[ 13 


44 


] GND 


[ 14 


43 


lQ8 


[ 15 


42 


]Q7 


[ 16 


41 


]Q6 


[ 17 


40 


]Q5 


[ 18 


39 


1 Vrr 


[ 19 


38 


]Q4 


[ 20 


37 


]Q3 


[ 21 


36 


]Q2 


[ 22 


35 


] GND 


[ 23 


34 


]Q1 


[24 


33 


]Q0 


[25 


32 


] RDCLK 


[ 26 


31 


] RDEN 


[27 


30 


]OE2 


[ 28 


29 


]OR 



The SN74ALVC7803, SN74ALVC7805, and vvrt 
SN74ALVC7813 are FIFOs suited for buffering WRT 
asynchronous data paths at 50-MHz clock rates 
and 13-ns access times. These devices are 
designed for 3-V to 3.6-V Vqc operation. The 
56-pin shrink smail-outline (DL) package offers 
greatly reduced board space over DIP, PLCC, and 
conventional SOIC packages. Two devices can 
be configured for bidirectional data buffering 
without additional logic. 

The write clock (WRTCLK) and read clock (RDCLK) should be free running and can be asynchron ous or 
coincident. Data is written to memory on the rising edge of WRTCLK when W RTEN1 i s high , W RTEN 2 is low, 
and IR is high. Data is read from memory on the rising edge of RDCLK when RDEN, OE1 , and OE2 are low 
and O R is high. The first word written to memory is clocked through to the output buffer regardless of the RDEN, 
OE1 , and OE2 levels. The OR flag indicates that valid data is present on the output buffer. 



The FIFO can be reset asynchronously to WRTCLK and RDCLK. RESET must be asserted while at least four 
WRTCLK and four RDCLK rising edges occur to clear the synchronizing registers. Resetting the Fl FO initializes 
the IR, OR, and HF flags low and the AF/AE flag high. The FIFO must be reset upon power up. 

The SN74ALVC7803, SN74ALVC7805, and SN74ALVC781 3 are characterized for operation from 0°C to 70°C. 



Products conform to specifications per the terms of 
standard warranty. Production processing does not necessarily include 



PRODUCTION DATA Information Is current as of publication date. ■ . Copyright © 1995, Texas Instruments Incorporated 

~ " ' Texas Instruments mim 

lecessarily Include W*P TcVAC 
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logic symbolt 



RESET 
WRTCLK 
WRTEN1 
WRTEN2 
RDCLK 

Oil 
OE2 



RDEN 
PlN 

DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 
D10 
D11 
D12 
D13 
D14 
D15 
D16 
D17 



1 






25 


27 


26 






32 


56 




30 


— i 








IS 






IS 



31 



23 



21 



20 



19 



18 



17 



16 



15 



14 



12 



11 



> RDCLK 



JS 



FIFO 512x18 or 
RESET 256x18 or 
64x18 

> WRTCLK 



& 



WRTEN 



EN1 



RDEN 



In Ready 
Half-Full 
Almost-Full /Empty 
Out Ready 



Program Enable 



17 



| Data ^> | Data ^> 1V 



17 



28 



22 



24 



29 



33 
34 



36 
37 



38 



40 
41 



42 



43 



45 



46 



47 



48 
49 



51 



53 



54 
55 



IR 
HF 

AF/AE 
OR 



Q0 

Q1 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 

Q8 

Q9 

Q10 

Q11 

Q12 

Q13 

Q14 

Q15 

Q16 

Q17 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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functional block diagram 



OE1 
OE2 

D0-D17 



RDCLK 



RDEN 



WRTCLK 
WRTEN1 
WRTEN2 



Output 
Control 



Synchronous 
Read 
Control 



Synchronous 
Write 
Control 



RESET 
PEN 



Reset 
Logic 



Read 
Pointer 



Write 
Pointer 



Status- 
Flag 
Logic 



11 



RAM 



512x18(7803), 
256x18 ('7805), 
64x18 ('7813) 



^2. 



Register 




Q0-Q17 



OR 

IR 

HF 

AF/AE 
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Terminal Functions 



TERMINAL 
NAME NO. 


I/O 


DESCRIPTION 


AF/AE 24 


0 


Almost-full/almost-empty flag. Depth-offset values can be programmed for this flag, or the default 
value of 64 can be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AE 
is high when memory contains X or less words or (512 minus Y) or more words. AF/AE is high 
after reset. 


D0 - D17 


I 


18-bit data input port 


HF 22 


0 


Half-full flag. HF is high when the FIFO memory contains 256 or more words. HF is low after reset. 


IR 28 


0 


Input-ready flag. IR is synchronized to the low-to-high transition of WRTCLK. When IR is low, the 
FIFO is full and writes are disabled. I R is low during reset and goes high on the second low-to-high 
transition of WRTCLK after reset. 


OET, OE2 56, 30 


I 


Output enables. When OE1 , OE2, and RDEN are low and OR is high, data is read from the FIFO 
on a low-to-high transition of RDCLK. When either OE1 or OE2 is high, reads are disabled and 
the data outputs are in the high-impedance state. 


OR 29 


0 


Output-ready flag. OR is synchronized to the low-to-high transition of RDCLK. When OR is low, 
the FIFO is empty and reads are disabled. Ready data is present on Q0-Q17 when OR is high. 
OR is low during reset and goes high on the third low-to-high transition of RDCLK after the first 
word is loaded to empty memory. 


PEN 23 


I 


Program enable. After reset and before the first word is written to the FIFO, the binary value on 
D0-D7 is latched as an AF/AE offset value when PEN is low and WRTCLK is high. 


33-34, 36-38, 
Q0-Q17 40-43,45-49, 
51,53-55 


0 


1 8-bit data output port. After the first valid write to empty memory, the first word is output on 
Q0-Q1 7 on the third rising edge of RDCLK. OR is also asserted high at this time to indicate ready 
data. When OR is low, the last word read from the FIFO is present on Q0-Q17. 


RDCLK 32 


I 


Read clock. RDCLK is a continuous clock and can be asynchronous or coincident to WRTCLK. 
A low-to-high transition of RDCLK reads data from memory when OE1 , OE2, and RDEN are low 
and OR is high. OR is synchronous to the low-to-high transition or RDCLK. 


RDEN 31 


I 


Read enable. When RDEN, OE1 , and OE2 are low and OR is high, data is read from the FIFO 
on the low-to-high transition of RDCLK. 


RESET 1 


I 


Reset. To reset the FIFO, four low-to-high transitions of RDCLK and four low-to-high transitions 
of WRTCLK must occur while RESET is low. This sets HF, IR, and OR low and AF/AE high. 


WRTCLK 25 


I 


Write clock. WRTCLK is a continuous clock and can be asynchronous or coincident to RDCLK. 
A low-to-high transition of WRTCLK writes data to memory when WRTEN2 is low, WRTEN1 is 
high, and IR is high. IR is synchronous to the low-to-high transition of WRTCLK. 


WRTEN1 , 

WRTEN2 ' 


I 


Write enables. When WRTEN1 is high, WRTEN2 is low, and IR is high, data is written to the FIFO 
on a low-to-high transition of WRTCLK. 
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WRTCLK 



WRTEN2 











i ! i 





r fffffff 



"x — i x4n x — i x — i 1 

RDCLK T lit 1 ! f ! 2 I + 3 I t 4 I 1 



OE1 




r // Don't Care 



RDEN 



OE2 



Q0-Q17 



Invalid 



AF/AE 



/. Don't Care yyf 
/s / f t / f //^ 



HF / Don't Care f /\ 

s * * * * //I 



Define the AF/AE Flag Using the Default Value of X = Y = 64 

Figure 1. Reset Cycle 
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RESET 



PEN 
WRTCLK 



hi I 



WRTEN1 



WRTEN2 



D0-D17 '///X - VA- Y/A » YA w< V/jffi S* 



XL, L 



RDCLK 



OE1 



RDEN 
OE2 

Q0-Q17 



Invalid 



x 



W1 



OR 



AF/AE 



HF 



IR 



DATA WORD NUMBER FOR FLAG TRANSITIONS 



DEVICE 


TRANSITION WORD 


ABC 


SN74ALVC7803 
SN74ALVC7805 
SN74ALVC7813 


W257 W(513-Y) W513 
W129 W(257-Y) W257 
W33 W(65-Y) W65 



Figure 2. FIFO Write 



i_ 
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RESET 



PEN 



WRTCUK__pLJn_J T l^ 



WRTEN1 



WRTEN2 



D0-D17 4 I 



RDCLK 



OE1 I 



-IrLf-Ln 



RDEN 



OE2 



Q0-Q17 



xex: 



OR 



AF/AE 



HF 



W3 W(Y+1) 



IR 



DATA WORD NUMBERS FOR FLAG TRANSITIONS 



Figure 3. FIFO Read 



DEVICE 


TRANSITION WORD 


A 


B 


C 


D 


E 


F 


SN74ALVC7803 


W257 


W258 


W(512-X) 


W(513-X) 


W512 


W513 


SN74ALVC7805 


W129 


W130 


W(256-X) 


W(257-X) 


W256 


W257 


SN74ALVC7813 


W33 


W34 


W(64-X) 


W(65-X) 


64 


65 
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offset values for AF/AE 

The almost-full/almost-empty (AF/AE) flag has two programmable limits: the almost-empty offset value (X) and 
the almost-full offset value (Y). They can be programmed after the FIFO is reset and before the first word is 
written to memory. If the offsets are not programmed, the default values of X = Y = 64 are used. The AF/AE 
flag is high when the FIFO contains X or less words or (512 minus Y) or more words. 

Program enable (PEN) should be held high throughout the reset cycle. PEN can be brought low only when IR 
is high. On the following low-to-high transition of WRTCLK, the bin ary va lue on D0-D7 is stored as the almost 
empty offset value (X) and the almost full offset value (Y). Holding PEN low for another low-to-high transition 
of WRTCLK reprograms Y to the binary value on D0-D7 at the time of the second WRTCLK low-to-high 
transition. When the offsets are being programm ed, writes to the FIFO memory are disabled regardless of the 
state of the write enables (WRTEN1 , WRTEN2). A maxim um va lue of 255 can be programmed for either X or 
Y (see Figure 4). To use the default values of X = Y = 64, PEN must be held high. 

RESET 



WRTCLK 




1 Y//////////A 



Figure 4. Programming X and Y Separately 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc ■■• -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 4.6 V 

Output voltage range, Vq (see Notes 1 and 2) -0.5 V to V<x + 0-5 V 

Input clamp current, I|k(V|<0) -50 mA 

Output clamp current, Iqk ( Vq < 0 or Vq > Vcc ) • • • ■ • ■ ± 50 mA 

Continuous output current, Iq ( Vq = 0 to Vcc ) ± 50 mA 

Continuous current through Vcc or GND ■■ ± 100 mA 

Voltage applied to a disabled 3-state output 3.6 V 

Operating free-air temperature range, T^ 0°C to 70°C 

Storage temperature range, T stg -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output voltage ratings can be exceeded if the input and output clamp current ratings are observed. 
2. This value is limited to 4.6 V maximum. 



PEN 
D0-D7 
IR 

WRTEN1 
WRTEN2 
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recommended operating conditions 









SN74ALVC7803-20 
SN74ALVC7805-20 
SN74ALVC7813-20 


SN74ALVC7803-25 
SN74ALVC7805-25 
SN74ALVC7813-25 


SN74ALVC7803-40 
SN74ALVC7805-40 
SN74ALVC7813-40 


UNIT 








Vcc = 3.3 V ± 0.3 V 


V C C = 3-3V ± 0.3 V 


Vcc = 3.3 V ± 0.3 V 










MIN 


MAX 


MIN 


MAX 


MIN MAX 




V|H 


High-level input voltage 




2 


2 


2 


V 


V|| 


Low-level input voltage 




U.o 


U.o 


0.8 


V 


'oh 


High-level output current, 
Q outputs, Flags 


V C C = 3V 


-8 


-8 


-8 


mA 


"OL 


Low-level output current, 
Q outputs, Flags 


V C C = 3V 


16 


16 


16 


fclock 


Clock f requency 




50 


40 


25 


MHz 






D0-D17 high or 
low 


9 


10 


14 








WRTCLK high or 
low 


7 


8 


12 






Pulse duration 


RDCLKhigh or low 


7 


8 


12 




t w 


PEN low 


9 


9 


12 


ns 






WRTEN1 high, 
WRTEN2 low 


8 


8 


12 








OET, OE2 low 


9 


9 


12 








RDEN low 


8 


8 


12 








DO- D1 7 before 
WRTCLKt 


5 


5 


5 








WRTEN1, WRTEN2 
before WRTCLKT 


5 


5 


5 








OET , OE2 before 
RDCLKt 


5 


6 


6 




*su 


Setup time 


RDEN before 
RDCLKt 


5 


5 


7 


ns 






Reset: RESET low 
before first 
WRTCLKt and 
RDCLKtt 


6 


6 


6 








PEN before 
WRTCLKt 


6 


6 


6 








DO- D1 7 after 
WRTCLKt 


0 


0 


0 








WRTEN1, WRTEN2 
after WRTCLKt 


0 


0 


0 




th 


Hold time 


OE1.0E2, RDEN 
after RDCLKt 


0 


0 


0 


ns 


Reset: RESET low 
after fourth 
WRTCLKt and 
RDCLKtt 


2 


2 


2 






PEN low after 
WRTCLKt 


2 


2 


2 






Operating free-air temperature 


0 


70 


0 


70 


0 70 


°C 



t To permit the clock pulse to be utilized for reset purposes 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


MIN TYPt 


MAX 


UNIT 


V|K 


V C C = 3V, 


l|K = -18mA 


-1.2 


V 


VOH 


Flags, Q outputs 


Vqc = MIN to MAX, 


lOH^-IOOuA 


V CC -0.2 


v 


VCC = 3V, 


lOH = -8 mA 


2.4 




Flags, Q outputs 


Vqc = MIN to MAX, 


Iql= 100 hA 


0.2 




vol 


Flags 


V C C = 3V, 


IOL = 8mA 


0.4 


V 




Q outputs 


VCC = 3V, 


IOL=16mA 


0.55 




ii 


V C C = 3.6V, 


V| =Vcc or GND 


±5 


uA 


ioz 


V C C = 3.6V, 


Vq =Vcc or GND 


±10 


uA 


•cc 


V| « Vcc or 0 


40 


MA 


Alcc § 


V C C = 3-6 V, 
One input at Vqc - 


Other inputs at Vcc or G ND » 

0.6 V 


500 


uA 


Ci 


Vcc = 3.3 V, 


V| = Vcc or GND 


2.5 


PF 


C 0 


Vcc = 3.3 V, 


Vq = Vcc or GND 


5.5 


PF 



t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
t All typical values are at Vcc - 3 -3 V, Ta = 25°C. 

§ This is the supply current for each input that is at one of the specified TTL voltage levels rather than 0 V or Vcc- 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 7) 



PARAMETER 


FROM 
(OUTPUT) 




TO 
(INPUT) 


SN74ALVC7803-20 
SN74ALVC7805-20 
SN74ALVC7813-20 


SN74ALVC7803-25 
SN74ALVC7805-25 
SN74ALVC7813-25 


SN74ALVC7803-40 
SN74ALVC7805-40 
SN74ALVC7813-40 


UNIT 






Vcc = 3.3 V ± 0.3 V 


Vqc = 3-3 V ± 0.3 V 


Vcc = 3.3 V ± 0.3 V 












MIN 


MAX 




MIN MAX 


MIN 


MAX 




fmax 


WRTCLK or 
RDCLK 




50 


40 


25 


MHz 


tpd 


RDCLKt 


AnyQ 


4 


13 




4 


15 


4 


20 


ns 


tpd 


WRTCLKt 


IR 


3 


11 




3 


13 


3 


15 


ns 


tpd 


RDCLKT 


OR 


3 


11 




3 


13 


3 


15 


ns 


tpd 


WRTCLKT 


AF/AE 


7 


19 




7 


21 


7 


23 


ns 


tpd 


RDCLKT 


AF/AE 


7 


19 




7 


21 


7 


23 


ns 


tPLH 


WRTCLKT 


HF 


7 


17 




7 


19 


7 


21 


ns 


tPHL 


RDCLKT 


7 


18 




7 


20 


7 


22 


tPLH 




AF/AE 


2 


11 




2 


13 


2 


15 


ns 


tPHL 


RESET low 


HF 


2 


12 




2 


14 


2 


16 


ten 


OET.OE2 


AnyQ 


2 


11 




2 


11 


2 


14 


ns 


tdis 


2 


11 




2 


14 


2 


14 


operating characteristics, Vqc 


= 3.3V,T A 


= 25°C 
















PARAMETER 


TEST CONDITIONS 


TYP 


UNIT 


Cpd Power dissipation capacitance 


Outputs enabled 




C L = 50 pF, 


f = 


•5 MHz 


53 


PF 



' 7 * Texas 
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APPLICATION INFORMATION 



CLOCK A 
W/RA 

CSA 



A0-A17 / 



SN74ALVC78XX 



> WRTCLK 

WRTEN1 

WRTEN2 



D0-D17 



RDCLK< 
OE1 
RDEN 
OE2 



Q0-Q17 



SN74ALVC78xx 



|> RDCLK 
OE1 
RDEN 
OE2 



WRTCLK<t 
WRTEN1 
WRTEN2 



Q0-Q17 



D0-D17 



18, 



CLOCK B 

W/RB 

CSB 



B0-B17 



Figure 5. Bidirectional Configuration 



WRTCLK 
WRTEN1 
WRTEN2 



D0-D35 



IR 



SN74ALVC78xx 
- WRTCLK RDCLK < 



WRTEN1 



WRTEN2 
IR 



D0-D17 



RDEN 
OEI 
OR 

OE2 
Q0-Q17 



SN74ALVC78XX 
> WRTCLK RDCLK< 



WRTEN1 
WRTEN2 
IR 

D0-D17 



RDEN 
OE1 
OR 

OE2 
Q0-Q17 



RDCLK 



OE1 



OE2 



D- 



OR 



^ Q0-Q35 



Figure 6. Word-Width Expansion: 512 x 36 Bit , 256 x 36 Bit, and 64 x 36 Bit 
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TYPICAL CHARACTERISTICS 



SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 



I I 

fdata = 1/2 f c j 0 

Ta = 75°C 


ck 














= 0pF 






v c 


C = 3. 










v c 


C = 3 


3V 








































CC = 


3V 











































O 10 20 30 40 50 60 70 80 90 
fdock ~ Clock Frequency - MHz 
Figure 7 



calculating power dissipation 

With lcc(f) taken from Figure 7, the dynamic power (P^), based on all data outputs changing states on each read, 
can be calculated by: 

Pd = Vcc x BCC(I) + (Nx AI C c x <*>)] + £(C L x V C c 2 x W 

A more accurate total power (Pj) can be calculated if quiescent power (Pq) is also taken into consideration. 
Quiescent power (P q ) can be calculated by: 

p q = V CC x ['CC(I) + (N x Alec x dC)] 
Total power would be: 



p T=Pd + Pq 

The above equations provide worst-case power calculations. 



Where: 




N 


= number of inputs driven by TTL levels 


A, CC 


= increase in power supply current for each input at a TTL high level 


dc 


= duty cycle of inputs at a TTL high level of 3.4 V 


c L 


= output capacitance load 




« switching frequency of an output 


! CC(I) 


= idle current, supply current when FIFO is idle « pF x f C iock - 0- 2 x f c look 


(current is due to free-running clocks) 


PF 


= power factor (the slope of idle current versus clock frequency) 


'ccw 


= active current, supply current when FIFO is transferring data 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



500 Q 

—VW— 



500 Q 



6V 



O Open 
Q GND 



LOAD CIRCUIT FOR OUTPUTS 



tw 



Timing 
Input 



Data 
Input 



1.5 V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note 



>ut / 
B) /1.5 V 



1.5 V 



tPLH 



3V 
0V 



3V 
0V 



I J 



3V 
• OV 



I 



Output 



1.5 V 



V 0H 

1.5 V 

vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



Input 



1.5V^" X 15V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



Output 
Control 
(low-level 
enabling) 



Output 
Waveform 1 
S1 at 6 V 
(see Note C) 

Output 
Waveform 2 
S1 at GND 
(see Note C) 



3V 
0V 




vol 



^V O H-0.3V VOH 

J- . 2s ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 



NOTES: A. Ci_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zo = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 



3-STATE OUTPUTS (ANY Q) 



PARAMETER 


R1.R2 


C L t 


S1 


*en 


tpZH 


500 Q 


50 pF 


GND 


tPZL 


6V 


tdis 


tPHZ 


500 O 


50 pF 


GND 


tPLZ 


6V 


tpd 


tPLH/tPHL 


500 Q 


50 pF 


Open 



t Includes probe and test-fixture capacitance 

Figure 8. Standard CMOS Outputs (FULL, EMPTY, HF, AF/AE) 
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• Operate at 3-V to 3.6-V V C c 

• Load Clock and Unload Clock Can Be 
Asynchronous or Coincident 

• Low-Power Advanced CMOS Technology 

• Full, Empty, and Half-Full Flags 

• Programmable Almost-Full/Almost-Empty 
Flag 

• Fast Access Times of 18 ns With a 50-pF 
Load and All Data Outputs Switching 
Simultaneously 

• Data Rates From 0 to 40 MHz 

• 3-State Outputs 

• Pin Compatible With SN74ACT7804, 
SN74ACT7806, and SN74ACT781 4 

• Available in Shrink Small-Outline 300-mil 
Package (DL) Using 25-mil Center-to-Center 
Spacing 

description 



DL PACKAGE 
(TOP VIEW) 



A FIFO memory is a storage device that allows 
data to be written into and read from its array at 
independent data rates. The SN74ALVC7804, 
SN74ALVC7806, and SN74ALVC7814 are 18-bit 
FIFOs with high speed and fast access times. 
Data is processed at rates up to 40 MHz with 
access times of 18 ns in a bit-parallel format. 
These memories are designed for 3-V to 3.6-V 
Vcc operation. 

Data is written into memory on a low-to-high 
transition of the load clock (LDCK) and is read out 
on a low-to-high transition of the unload clock 

(UNCK). The memory is full when the number of words clocked in exceeds the number of words clocked out 
by 512. When the memory is full, LDCK has no effect on the data residing in memory. When the memory is 
empty, UNCK has no effect. 



RESET [ 


7T7 

1 


56 


]OE 


D17 [ 


2 


55 


]Q17 


D16 [ 


3 


54 


]Q16 


D15 [ 


4 


53 


]Q15 


D14 [ 


5 


52 


] GND 


D13 [ 


6 


51 


]Q14 


D12 [ 


7 


50 


]v C c 


D11 [ 


8 


49 


]Q13 


D10 [ 


9 


48 


] Q12 


Vcct 


10 


47 


]Q11 


D9 [ 


11 


46 


]Q10 


D8 [ 


12 


45 


]Q9 


GND [ 


13 


44 


] GND 


D7[ 


14 


43 


]Q8 


D6 [ 


15 


42 


]Q7 


D5 [ 


16 


41 


JQ6 


D4 [ 


17 


40 


JQ5 


D3 [ 


18 


39 


J Vcc 


D2 [ 


iy 


38 


J U4 


D1[ 


20 


37 


]Q3 


DO [ 


21 


36 


]Q2 


HF[ 


22 


35 


] GND 


PEN [ 


23 


34 


]Q1 


AF/AE [ 


24 


33 


]Q0 


LDCK [ 


25 


32 


] UNCK 


NC [ 


26 


31 


]NC 


NC [ 


27 


30 


]NC 


FULL [ 


28 


29 


] EMPTY 



Status of the FIFO memory is mon itored by the full (FULL), empty (EMPTY), half-full (HF), and almost- 
full/almost-em pty (AF/A E) flags. The FULL output is low when the memory is full and high when the memory 
is not full. The EMPTY output is low when the memory is empty and high when it is not empty. The HF output 
is high whenever the FIFO contains 256 or more words and low when it contains 255 or less words. The AF/AE 
status flag is a programmable flag. The first one or two low-to-high transitions of LDCK after rese t are used to 
program the almost-empty offset value (X) and the almost-full offset value (Y) if program enable (PEN) is low. 
The AF/AE flag is high when the FIFO contains X or fewer words or 512 - Y or more words. The AF/AE flag 
is low when the FIFO contains between X + 1 and 511 - Y words. 
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description (continued) 



A lo w level o n the reset (RESET) resets the internal stack pointers and sets FULL high, AF/AE high, HF low, 
and EMPTY low. The Q outputs are not reset to a ny speci fic logic level. The FIFO must be reset on power up. 
The first word loaded into empty memory causes EMPTY to go high and the data to appear on the Q outputs. 
The data outputs are in the high-impedance state when the output-enable (OE) is high. 

The SN74ALVC7804, SN74ALVC7806, and SN74ALVC781 4 are characterized for operation from 0°C to 70°C. 



logic symbolt 



RESET 
LDCK 
UNCK 

OE 
PEN 

DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 
D10 
D11 
D12 
D13 
D14 
D15 
D16 
D17 



25 



32 



56 



23 



21 



20 



19 



18 



17 



16 



15 



14 



12 



11 



RESET 

— > LDCK 

— > UNCK 



O 

FIFO 512x18 or 
256 x 18 or 
64x18 



EN1 

Program Enable 

b 



Full 
Half-Full 
Almost Full/Empty 
Empty 



17 



Data 



r> [*sr> 



1V 



17 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 



28 



22 



24 



29 



33 



34 



36 



37 



38 



40 



41 



42 



43 



45 



46 



47 



48 



49 



51 



53 



54 



55 



FULL 
HF 

AF/AE 
EMPTY 



QO 

Q1 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 

Q8 

Q9 

Q10 

Q11 

Q12 

Q13 

Q14 

Q15 

Q16 

Q17 
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functional block diagram 

OE 



D0-D17 



UNCK 



LDCK 



Read 
Pointer 



Write 
Pointer 



RESET ■ 
PEN - 



Reset 
Logic 



Status- 
Flag 
Logic 



1 



L 



RAM 



512x18(7804) 
256x18(7806) 
64x18(7814) 



EMPTY 

FULL 
HF 

AF/AE 



Terminal Functions 



TERMINAL 
NAME NO. 


I/O 


DESCRIPTION 


AF/AE 24 


0 


Almost full/almost empty flag. Depth-offset values can be programmed for this flag or the default 
value of 64 can be used for both the almost empty offset (X) and the almost full offset (Y). AF/AE 
is high when memory contains X or fewer words or 51 2 - Y or more words. AF/AE is high after 
reset. 




I 


18-bit data input port 


EMPTY 29 


0 


Empty flag. EMPTY is low when the FIFO is empty. A FIFO reset also causes EMPTY to go low. 


FULL 28 


0 


Full flag. FULL is low when the FIFO is full. A FIFO reset causes FULL to go high. 


HF 22 


0 


Half-full flag. HF is high when the FIFO memory contains 256 or more words. HF is low after reset. 


LDCK 25 


I 


Load clock. Data is written to the FIFO on the rising edge of LDCK when FULL is high. 


OE 56 


I 


Output enable. When OE is high, the data outputs are in the high-impedance state. 


PEN 23 


I 


Program enable. After reset and before the first word is written to the FIFO, the binary value on 
D0-D7 is latched as an AF/AE offset value when PEN is low and WRTCLK is high. 


33-34, 36-38, 
Q0-Q17 40-43,45-49, 
51,53-55 


0 


18-bit data output port 


RESET 1 


I 


Reset. A low level on RESET resets the FIFO and drives AF/AE and FULL high and HF and 
EMPTY low. 


UNCK 32 


I 


Unload clock. Data is read from the FIFO on the rising edge of UNCK when EMPTY is high. 
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DATA WORD NUMBERS FOR FLAG TRANSITIONS 



DEVICE 


TRANSITION WORD 


A 


B 




C 


D 


E 


F 




G 




H 


1 


SN74ALVC7814 


W32 


W(64- 


■Y) 


W64 


W33 


W34 


W(64- 


X) 


W(65- 


X) 


W64 


W64 


SN74ALVC7806 


W128 


W(256- 


-Y) 


W256 


W129 


W130 


W(256- 


-X) 


W(257- 


-X) 


W255 


W256 


SN74ALVC7804 


W256 


W(512- 


-Y) 


W512 


W257 


W258 


W(512- 


-X) 


W(513- 


-X) 


W511 


W512 



Figure 1. Write, Read, and Flag Timing Reference (Continued) 



offset values for AF/AE 

The almost-full/almost-empty (AF/AE) flag has two programmable limits: the almost-empty offset value (X) and 
the almost-full offset value (Y). They can be programmed after the FIFO is reset and before the first word is 
written to memory. The AF/AE flag is high when the FIFO contains X or fewer words or 51 2 - Y or more words. 

To program the offset values, PEN can be brought low after reset. On the following low-to-high transition of 
LDCK, the bi nary value on D0-D7 is stored as the almost-empty offset value (X) and the almost-full offset value 
(Y). Holding PEN low for another low-to-high transition of LDCK reprograms Y to the binary value on D0-D7 
at the time of the second LDCK low-to-high transition. Writes to the FIFO memory are disabled while the offsets 
are programmed. A maximu m val ue of 255 can be programmed for either X or Y (see Figure 2). To use the 
default values of X = Y = 64, PEN must be held high. 



RESET 



LDCK 



PEN 



D0-D17 



EMPTY 



\\\VD)n\^re\\\\X Xa " dY X Y X " 



Figure 2. Programming X and Y Separately 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, V<x -°- 5 v t0 4 - 6 v 

Input voltage range, V| (see Note 1 ) -0.5 V to 4.6 V 

Output voltage range, Vq (see Notes 1 and 2) -0.5 V to V<x + 0-5 V 

Input clamp current, Iik (V| < 0) - 50 mA 

Output clamp current, Iqk ( v O < 0 or Vq > Vcc) ± 50 mA 

Continuous output current, Iq (Vq = 0 to Vcc) ±50 mA 

Continuous current through Vcc or GND — ± 1 00 mA 

Voltage applied to a disabled 3-state output 3.6 V 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50 b C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 
2. This value is limited to 4.6 V maximum. 



recommended operating conditions 









SN74ALVC7804-25 
SN74ALVC7806-25 
SN74ALVC7814-25 


SN74ALVC7804-40 
SN74ALVC7806-40 
SN74ALVC7814-40 


UNIT 








Vcc = 3.3 V ± 0-3 V 


Vcc = 3.3 V ± 0.3 V 










MIN 


MAX 


MIN 


MAX 




V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




0 


vcc 


0 


vcc 


V 


vo 


Output voltage 




0 


vcc 


0 


vcc 


V 


'OH 


High-level output current, 
Q outputs, flags 


V C C = 3V 


-8 


-8 


mA 


lOL 


Low-level output current, 
Q outputs, flags 


V C C = 3V 


16 


16 


mA 


*clock 


Clock frequency 




40 


25 


MHz 






DO- D1 7 high or low 


8 


12 








LOCK high or low 


8 


12 




t w 


Pulse duration 


UNCK high or low 


8 


12 


ns 






PEN low 


8 


12 








RESET low 


10 


12 








D0-D17beforeLDCKT 


5 


5 




*su 


Setup time 


LDCK inactive before RESET high 


6 


6 


ns 






PEN before LDCKt 


8 


8 








D0-D17afterLDCKt 


0 


0 




th 


Hold time 


PEN high after LDCK low 


0 


0 


ns 


PEN low after LDCKt 


3 


3 






LDCK inactive after RESET high 


6 


6 




TA 


Operating free-air temperature 




0 


70 


0 


70 


°C 



Texas 
Instruments 

1 0-22 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN74ALVC7804, SN74ALVC7806, SN74ALVC7814 
512x18,256x18,64x18 
LOW-POWERED FIRST-IN, FIRST-OUT MEMORIES 

SCAS437C- JUNE 1994- REVISED FEBRUARY 1996 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


MIN TYPt 


MAX 


UNIT 


VOH 


Flags, Q outputs 


Vcc = MIN to MAX, 


Inn = — 1 00 uA 


Vrr-0.2 


V 


Vcc = 3 V, 


Iqh = - 8 mA 


2.4 




Flags, Q outputs 


Vcc = MIN t0 MAX » 


Iql= too ^ 


0.2 




vol 


Flags 


V C C - 3 V, 


Iql = 8 mA 


0.4 


V 




Q outputs 


V C C = 3V, 


lOL = 16 mA 


0.55 




ii 


VCC = 3.6 V, 


V| =V C C or GND 


±5 


MA 


ioz 


Vcc = 3.6 V, 


Vq =Vcc or GND 


±10 


HA 


'cc 


V C C = 3.6 V, 


V| = Vcc or GND and 'o = 0 


40 


liA 


AlGC § 


V C C = 3.6 V, 

Other inputs at Vcc or GND 


One input at Vcc _0 - 6 V, 


500 


*iA 


Cj 


V C C = 3.3 V, 


V| = Vcc or GND 


3 


PF 


C 0 


Vcc = 3.3 V, 


v o = VccorGND 


6 


PF 



t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$ All typical values are at Vcc = 3 -3 V, Ta = 25°C. 

§ This is the supply current for each input that is at one of the specified TTL voltage levels rather than 0 V or Vcc- 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 4) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


SN74ALVC7804-25 
SN74ALVC7806-25 
SN74ALVC7814-25 


SN74ALVC7804-40 
SN74ALVC7806-40 
SN74ALVC7814-40 


UNIT 




Vcc = 3.3 V ± 0.3 V 


Vcc = 3.3 V ± 0.3 V 










MIN 


MAX 


MIN 


MAX 




*max 


LDCK orUNCK 




40 


25 


MHz 


tpd 


LDCKt 


Any Q 


9 


22 


9 


24 


ns 


tpd 


UNCKT 


6 


18 


6 


20 


tPLH 


LDCKt 




6 


17 


6 


19 




tPHL 


UNCKt 


EMPTY 


6 


17 


6 


19 


ns 


tPHL 


RESET low 




4 


18 


4 


20 




tPHL 


LDCKt 




6 


17 


6 


19 




tPLH 


UNCKt 


FULL 


6 


17 


6 


19 


ns 


tPLH 


RESET low 




4 


20 


4 


22 




tpd 


LDCKt 




7 


20 


7 


22 




tpd 


UNCKt 


AF/AE 


7 


20 


7 


22 


ns 


tPLH 


RESET low 




2 


12 


2 


14 




tPLH 


LDCKt 




5 


20 


5 


22 




tPHL 


UNCKt 


HF 


7 


20 


7 


22 


ns 


tPHL 


RESET low 




3 


14 


3 


16 




*en 


OE 


Any Q 


2 


10 


2 


11 


ns 


tdis 


2 


11 


2 


12 



operating characteristics, Vcc = 3-3 v > T A = 25 ° c 



PARAMETER 


TEST CONDITIONS 


TYP 


UNIT 


Cpd Power dissipation capacitance per FIFO channel 


Outputs enabled 


Ci_ = 50pF, f = 5MHz 


53 


PF 
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APPLICATION INFORMATION 



LDCK 



FULL • 



D18-D35 



D0-D17 



-a 



SN74ALVC78xx 
> LDCK UNCK< 



FULL 



D0-D17 



EMPTY 
OE 
Q0-Q17 



SN74ALVC78xx 
' LDCK UNCK* 



FULL 



D0-D17 



EMPTY 

OE 
Q0-Q17 



L> 



UNCK 

EMPTY 
OE 

Q18-Q35 



Q0-Q17 



Figure 3. Word-Width Expansion: 512 x 36 Bit, 256 x 36 Bit, and 64 x 36 Bit 
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TYPICAL CHARACTERISTICS 



SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 



I I 

fdata = 1>2 f C | 0 

Ta = 75°C 


5k 












c L 


= OpF 






v c 


C = 3- 










vc 


C = 3 


3V 






































/v 


CC = 


3V 











































0 10 20 30 40 50 60 70 80 90 
f C |ock ~ Clock Frequency - MHz 

Figure 4 



calculating power dissipation 

With lcc(f) taken from Figure 4, the dynamic power (P^) based on all data outputs changing states on each read 
can be calculated by: 

Pd = V C C x flcC(f) + (N x Al cc x dc)] + £(C L x V CC 2 x W 

A more accurate total power (Pj) can be calculated if quiescent power (Pq) is also taken into consideration. 
Quiescent power (P q ) can be calculated by: 

Pq = VcC x [lcC(l) + (N x AI CC x dc)] 

Total power is: 

PT=Pd + Pq 

The above equations provide worst-case power calculations. 
Where: 

N = number of inputs driven by TTL levels 

Alcc = increase in power supply current for each input at a TTL high level 

dc = duty cycle of inputs at a TTL high level of 3.4 V 

C|_ = output capacitance load 

f 0 = switching frequency of an output 

lcc(l) = id,e current, supply current when FIFO is idle « pF x f c | 0C |< = 0.2 x f c iock 

(current is due to free-running clocks) 
pF = power factor 

lcc(f) = active current, supply current when FIFO is transferring data 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

CL = 50pF 
(see Note A) 



500 Q 

- J VW- 



500 Q 



6V 



O Open 
? GND 



LOAD CIRCUIT FOR OUTPUTS 



Timing 
Input 



Data 
Input 



3£E 



3V 
0V 



3V 
0V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note 



»ut / v; 

B) ^1.5 V > ^1.5V 



tPLH — |* *j , 

j 

Output jf- 



W tpHL 



3V 

. ov 




Input 1.5 V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



Output 
Control 
(low-level 
enabling) 



Output 
Waveform 1 
S1at6V 
(see Note C) 



-1.5 V 



/1.5V 

A 



tPZL-*! |«- 1 ^ 

, tpLZ-^ K- 

U 



\l.5V I J/f~" 



3V 
0V 



3V 



0V 



3V 



vol 



1.5 V 



Output 

~~ Vow Waveform 2 
1.5 V Slat GND 

' v OL ^ S6e N0t6 C ^ 



tpHZ-^l k- 
tpZH -H |«- I 

L V 0 H 

% VQH-0.3V 



£7* \j°H 



OV 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR £ 1 0 MHz, Zo = 50 ft, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 



3-STATE OUTPUTS (ANY Q) 



PARAMETER 


R1.R2 


C L t 


S1 


*en 


tpZH 


500 Q 


50 pF 


GND 


tpZL 


6V 


tells 


tPHZ 


500 a 


50 pF 


GND 


tPLZ 


6V 


tpd 


tPLH/tPHL 


500 Q 


50 pF 


Open 



t Includes probe and test-fixture capacitance 

Figure 5. Standard CMOS Outputs (FULL, EMPTY, HF, AF/AE) 
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General Information 



1 



Telecom &ingi©-Bit riros 


2 


Heouceo-wiatn rlrPS 




9-Bit Clocked/ Strobed FIFOs 


11 


8- and 9-Bit Asynchronous FIFOs 


5 


9-Bit Synchronous FIFOs 


6 


1 8-Bit Clocked FIFOs B 


18-Bit Strobed FIFOs 


8 


Multi-Q™ 18-Bit FIFO 


9 


3.3-V Low-Powered 18-Blt FIFOs 


10 


DSP 32- and 36-Bit Clocked FIFOs 


11 


Internetworking 36-Bit Clocked FIFOs 


12 


High-Bandwidth Computing 36«Bit Clocked FIFOs 


13 


Military FIFOs 


14 


Application Reports 


15 


Mechanical Data 


16 
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DSP 32- AND 36-BIT 

Features 

36-bit FIFO interface 

Bidirectional 32-bit and 36-bit options 

Depths from 256 to 2K words 

Mailbox-register bypass 
Microprocessor-control circuitry 

Synchronous retransmit option 

Multiple default values for separate AF 
and AE flags 

Parallel and serial flag programming 
options 

EIAJ standard 120-pin thin quad flat 
package (TQFP) 

Tl has established alternate source 
options 



CLOCKED FIFOS 

Benefits 

• Single-chip implementation for high levels 
of intergration 

• Two dual-port SRAMs allow true 
bidirectional capability. 

• Multiple depths to optimize system 
storage applications 

• Quick access to priority information 

• Interface matches most processors and 
DSP bus-cycle timing and 
communications 

• Permits user-defined retransmission point 

• Easy alternatives for flag settings 

• Choice of status-flag programming modes 

• 67% less board space than equivalent 
132-pin PQFPs; over 66% less board 
space than four 9-bit 32-pin PLCC 
equivalents 

• Standardization that comes from a 
common second source 
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• Free-Running CLKA and CLKB Can Be 
Asynchronous or Coincident 

• Clocked FIFO Buffering Data From Port A 
to Port B 

• Synchronous Read- Retransmit Capability 

• Mailbox Register in Each Direction 

• Programmable Almost-Full and 
Almost-Empty Flags 

• Microprocessor Interface Control Logic 

• Input-Ready and Almost-Full Flags 
Synchronized by CLKA 

description 



• Output-Ready and Almost-Empty Flags 
Synchronized by CLKB 

• Low-Power 0.8-Micron Advanced CMOS 
Technology 

• Supports Clock Frequencies up to 67 MHz 

• Fast Access Times of 11 ns 

• Pin-to-Pin Compatible With the 
SN74ACT3641 and SN74ACT3651 

• Available in Space-Saving 120-Pin Thin 
Quad Flat (PCB) and 132-Pin Plastic Quad 
Flat (PQ) Packages 



The SN74ACT3631 is a high-speed, low-power, CMOS clocked FIFO memory. It supports clock frequencies 
up to 67 MHz and has read access times as fast as 1 1 ns. The 51 2 x 36 dual-port SRAM FIFO buffers data from 
port A to port B. The FIFO memory has retransmit capability, which allows previously read data to be accessed 
again. The FIFO has flags to indicate empty and full conditions and two programmable flags (almost full and 
almost empty) to indicate when a selected number of words is stored in memory. Communication between each 
port can take place with two 36-bit mailbox registers. Each mailbox register has a flag to signal when new mail 
has been stored. Two or more devices can be used in parallel to create wider data paths. Expansion is also 
possible in word depth. 

The SN74ACT3631 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable 
signals. The continuous clocks for each port are independent of one another and can be asynchronous or 
coincident. The enables for each port are arranged to provide a simple interface between microprocessors 
and/or buses with synchronous control. 

The input-ready (IR) flag and almost-full (AF ) flag of the FIFO are two-stage synchronized to CLKA. The 
output-ready (OR) flag and almost-empty (AE) flag of the FIFO are two-stage synchronized to CLKB. Offset 
values for the AF and AE flags of the FIFO can be programmed from port A or through a serial input. 

The SN74ACT3631 is characterized for operation from 0°C to 70°C. 

For more information on this device family, seethe application reports FIFO Patented Synchronous Retransmit: 
Programmable DSP-Interface Application for FIR Filtering and FIFO Mailbox-Bypass Registers: Using Bypass 
Registers to Initialize DMA Control in the 1996 High-Performance FIFO Memories Designer's Handbook, 
literature number SCAA012A. 
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PCB PACKAGE 
(TOP VIEW) 



A35 
A34 
A33 
A32 

V C C 
A31 
A30 

GND 
A29 
A28 
A27 
A26 
A25 
A24 
A23 

GND 
A22 

VCC 
A21 
A20 
A19 
A18 
GND 
A17 
A16 
A15 
A14 
A13 

V C C 
A12 



(DO 

nn 



<icr|< „ o, 

LU ^ o9b 0>1< 



|C\J ^ 

lu x coco I 
<>°2 2 



|2 

LU 

>lc/) 



Q 
^ CO 

|tro u. 

nnnnnnnnnnnnnnnnnnnnn 



. LL DC 



So m Q 
QC^ZZECD 



OQ Z 
5(5 

an 



m 

nnnnn 



CD 

CD QC CD i 
CO|§ Z - 



is; 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
dl7 



TTTT 



8 3; & & & sr 

CO CO CO CO CO CO 

UUUUUUUUUUU 

O O) 00 N (D Q U) 

-:<< << z < 



uuu 

r- O Q 

< < z 
o 



cm 

CD CD 



uuuuu 

CM CO ^ un Q 
CD CD CD CD 2? 

o 



TXLT 



B35 

B34 

B33 

B32 

GND 

B31 

B30 

B29 

B28 

B27 

B26 

V C C 

B25 

B24 

GND 

B23 

B22 

B21 

B20 

B19 

B18 

GND 

B17 

B16 

VCC 
B15 
B14 
B13 
B12 
GND 



UUU 

h- 00 O 
CD CD CD 



orrr 

O T- 

5 CD 



NC - No internal connection 
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PQ PACKAGEt 
fTOP VIEW) 



CO CQ . 

„^ CO. re CD O 

GO g=i zSkoz 

z z^o Lufepo 




|< ICC < 2 9 



' § LU O CD Z 



/ \ nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn / \ 

17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 132 130 128 126 124 122 120 118 

□ 131 129 127 125 123 121 119 117 



NC I 
B35 i 
B34 
B33 
B32 i 
GND 
B31 
B30 i 
B29 
B28 
B27 i 
B26 i 

V C C 
B25 
B24 i 

GND 
B23 
B22 i 
B21 
B20 
B19 
B18 

GND 
B17 
B16 

V C C 
B15 
B14 
B13 
B12 

GND 
NC 



NC c= 50 



NC 
NC 
A35 
A34 
A33 
A32 

V C C 

A31 

A30 

GND 

A29 

A28 

A27 

A26 

A25 

A24 

A23 

GND 

A22 

Vcc 

A21 
A20 
A19 
i A18 
GND 
i A17 
I A16 
i A15 
i A14 
I A13 

'V C C 
i A12 
I NC 



0 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 
UUUUUUUUUUUUUUUUUULIUUUUUUUUUUUUUU v> 

o r: o o> co £. ocoq lo^; nwr- oqot-w R35!5Q$^59 0 ^ciOO 

Z J ^ CO CQ DQ ^>m 2ffiffl£D0QCOCQz^^*<^ ) ^<^Z < C^^^I?xZZZ 
mm (D CD O <<q -C5 



NC - No internal connection 

t Uses Yamaichi socket IC51 -1324-828 
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functional block diagram 



MBF1 



CLKA 
CSA 

W/RA 
ENA 
MBA 



RST 



Port-A 
Control 
Logic 



Reset 
Logic 



36 



A0-A35 



_[R 
AF 



FSO/SD 
FS1/SEN 



MBF2- 



MaiH 
Register 



9 

DC 



512x36 
SRAM 



Write 
Pointer 









1 








cc 




3 




o. 




O 





Read 
Pointer 



o> ^ -J 



Status-Flag 
Logic 



10 



Flag-Offset 
Register 



■4 



Mail2 
Register 



Port-B 
Control 
Logic 



RTM 
RFM 

B0-B35 

OR 
AE 



CLKB 

CSB 

W/RB 

ENB 

MBB 
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Terminal Functions 



TERMINAL 
NAME 


I/O 


DESCRIPTION 


A0-A35 


I/O 


Port-A data. The 36-bit bidirectional data port for side A. 


AE 


0 


Almost-empty flag. Programmable flag synchronized to CLKB. AE is low when the number of words in the FIFO is less 
than or equal to the value in the almost-empty offset register (X). 


AF 


0 


Almost-full flag. Programmable flag synchronized to CLKA. AF is low when the number of empty locations in the FIFO 
is less than or equal to the value in the almost-full offset register (Y). 


du— doo 


I/O 


ron-D uaia. i ne od-dii Diaireciionai uaia pon ior siqb d. 


CLKA 


I 


Port-A clock. CLKA is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to CLKB. IR and AF are synchronous to the low-to-high transition of CLKA. 


CLKB 




Port-B clock. CLKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
or coincident to CLKA. OR and AE are synchronous to the low-to-high transition of CLKB. 


CSA 




Port-A chip select. CSA must be low to enable a low-to-high transition of CLKA to read or write data on port A. The 
A0-A35 outputs are in the high-impedance state when CSA is high. 


CSB 


■ 


Port-B chip select. CSB must be low to enable a low-to-high transition of CLKB to read or write data on port B. The 
B0-B35 outputs are in the high-impedance state when CSB is high. 


ENA 




Port-A master enable. ENA must be high to enable a low-to-high transition of CLKA to read or write data on port A. 


ENB 




Port-B master enable. ENB must be high to enable a low-to-high transition of CLKB to read or write data on port B. 


FS1/SEN, 
FSO/SD 


I 


Flag offset select 1 /serial enable, flag offset select 0/serial data. FS1/SEN and FSO/SD are dual-purpose inputs used 
for flag offset register programming. During a device reset, FS1/SEN and FSO/SD select the flag offset programming 
method. Three offset register programming methods are available: automatically load one of two preset values, parallel 
load from port A, and serial load. 

When serial load is selected for flag offset register programming, FS1/SEN is used as an enable synchronous to the 
low-to-high transition of CLKA. When FS1/SEN is low, a rising edge on CLKA loads the bit present on FSO/SD into the 
X and Y offset registers. The number of bit writes required to program the offset register is 18. The first bit write stores 
the Y-register MSB and the last bit write stores the X-register LSB. 


IR 


0 


Input-ready flag. IR is synchronized to the low-to-high transition of CLKA. When IR is low, the FIFO is full and writes to 
its array are disabled. When the FIFO is in retransmit mode, IR indicates when the memory has been filled to the point 
of the retransmit data and prevents further writes. IR is set low during reset and is set high after reset. 


MBA 


I 


Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A read or write operation. 


MBB 


I 


Port-B mailbox select. A high level on MBB chooses a mailbox register for a port-B read or write operation. When the 
B0-B35 outputs are active, a high level on MBB selects data from the main register for output and a low level selects 
FIFO data for output. 


MBFT 


0 


MaiH register flag. MBFT is set low by the low-to-high transition of CLKA that writes data to the main register. MBF1 
is set high by a low-to-high transition of CLKB when a port-B read is selected and MBB is high. MBF1 is set high by a 
reset. 


MBF2 


0 


Mail2 register flag. MBF2 is set low by the low-to-high transition of CLKB that writes data to the mail2 register. MBF2 
is set high by a low-to-high transition of CLKA when a port-A read is selected and MBA is high. MBF2 is set high by a 
reset. 


OR 


0 


Output-ready flag. OR is synchronized to the low-to-high transition of CLKB. When OR is low, the FIFO is empty and 
reads are disabled. Ready data is present in the output register of the FIFO when OR is high. OR is forced low during 
the reset and goes high on the third low-to-high transition of CLKB after a word is loaded to empty memory. 


RFM 


I 


Read from mark. When the FIFO is in retransmit mode, a high on RFM enables a low-to-high transition of CLKB to reset 
the read pointer to the beginning retransmit location and output the first selected retransmit data. 


RST 


I 


Reset. To reset the device, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur 
while RST is low. The low-to-high transition of RST latches the status of FSO and FS1 for AF and AE offset selection. 


RTM 


I 


Retransmit mode. When RTM is high and valid data is present in the FIFO output register (OR is high), a low-to-high 
transition of CLKB selects the data for the beginning of a retransmit and puts the FIFO in retransmit mode. The selected 
word remains the initial retransmit point until a low-to-high transition of CLKB occurs while RTM is low, taking the FIFO 
out of retransmit mode. 
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Terminal Functions (Continued) 



TERMINAL 
NAME 


I/O 


DESCRIPTION 


W/RA 


I 


Port-A write/read select. A high on W/RA selects a write operation and a low selects a read operation on port A for a 
low-to-high transition of CLKA. The A0-A35 outputs are in the high-impedance state when W/RA is high. 


W/RB 


I 


Port-B write/read select. A low on W/RB selects a write operation and a high selects a read operation on port B for a 
low-to-high transition of CLKB. The B0-B35 outputs are in the high-impedance state when W/RB is low. 



detailed description 
reset 

The SN74ACT3631 is reset by taking the reset (RST) input low for at least four port-A clock (CLKA) and four 
port-B clock (CLKB) low-to-high transitions. The reset input can switch asynchronously to the clocks. A reset 
initializes the memory read and write pointers and forces the input-ready (IR) flag low, the output-ready (OR) 
flag high, the alm ost-empty (AE ) flag low, and the almost-full (AF) flag high. Resetting the device also forces 
the mailbox flags (MBF1 , MBF2) high. After a FIFO is reset, its input-ready flag is set high after at least two clock 
cycles to begin normal operation. A FIFO must be reset after power up before data is written to its memory. 

almost-empty flag and almost-full flag offset programming 

Two registers in the SN74ACT3631 are used to hold the offset values for the almost-empty and almost-full flags. 
The almost-empty (AE) flag offset register is labeled X, and the almost-full (AF) flag offset register is labeled Y. 
The offset registers can be loaded with a value in three ways: one of two preset values are loaded into the offset 
registers, parallel load from port A, or serial load. The offset re gister programming mode is chosen by the flag 
select (FS1 , FSO) inputs during a low-to-high transition on the RST input (see Table 1). 



Table 1. Flag Programming 



FS1 


FSO 


RST 


X AND Y REGISTERSt 


H 


H 


t 


Serial load 


H 


L 


T 


64 


L 


H 


T 


8 


L 


L 


T 


Parallel load from port A 



t X register Jiolds the offset for AE; Y register holds the 
offset for AF. 



preset values 

If a preset value of 8 or 64 is chosen by FS1 and FSO at the time of a RST low-to-high transition according to 
Table 1 , the preset value is automatically loaded into the X and Y registers. No other device initialization is 
necessary to begin normal operation, and the IR flag is set high after two low-to-high transitions on CLKA. 

parallel load from port A 

To program theX and Y registers from port A, the device is reset with FSO and FS1 low during the low-to-high 
transition of RST. After this reset is complete, the IR flag is set high after two low-to-high transitions on CLKA. 
The first two writes to the FIFO do not store data in its memory but load the offset registers in the order Y, X. 
Each offset register of the SN74ACT3631 uses port-A inputs (A8-A0). The highest number input is used as 
the most significant bit of the binary number in each case. Each register value can be programmed from 1 to 
508. After both offset registers are programmed from port A, subsequent FIFO writes store data in the SRAM. 
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serial load 

To serially program the X a nd Y registers, the device is reset with FSO/SD and FS1/SEN high during the 
low-to-high transition of RST. After this reset is complete, t he X and Y register values are loaded bitwise through 
FSO/SD on each low-to-high transition of CLKA that FS1/SEN is low. Writes of 1 8 bits are needed to complete 
the programming. The first-bit write stores the most significant bit of the Y register, and the last-bit write stores 
the least significant bit of the X register. Each register value can be programmed from 1 to 508. 

When the option to program the offset registers serially is chosen, the input-ready (IR) flag remains low until 
all register bits are written. The I R flag is set high by the low-to-high transition of CLKA after the last bit is loaded 
to allow normal FIFO operation. 

FIFO write/read operation 

The state of the port-A data (A0-A35) outputs is controlled by the port-A chip select (CSA ) and the p_ort-A 
write/read select (W/RA). The A0-A35 outputs are in the high-impedance state when either CSA or W/RA is 
high. The A0-A35 outputs are active when both CSA and W/RA are low. 

Data is loaded into the FIFO from the A0-A35 inputs on a low-to-high transition of CLKA when CSA and the 
port-A mailbox select (MBA) are low, W/RA, the port-A enable (ENA), and the input-ready (IR) flag are high 
(see Table 2). Writes to the FIFO are independent of any concurrent FIFO reads. 

Table 2. Port-A Enable Function Table 



CSA 


W/RA 


ENA 


MBA 


CLKA 


A0-A35 OUTPUTS 


PORT FUNCTION 


H 


X 


X 


X 


X 


In high-impedance state 


None 


L 


H 


L 


X 


X 


In high-impedance state 


None 


L 


H 


H 


L 


T 


In high-impedance state 


FIFO write 


L 


H 


H 


H 


T 


In high-impedance state 


Maih write 


L 


L 


L 


L 


X 


Active, mail2 register 


None 


L 


L 


H 


L 


T 


Active, mail2 register 


None 


L 


L 


L 


H 


X 


Active, mail2 register 


None 


L 


L 


H 


H 


T 


Active, mail2 register 


Mail2 read (set MBF2 high) 



The port-B control signals are identical to those of port A with the exception that the port-B write/read select 
(W/RB) is the inverse of the port-A write/re ad select (W/RA). The state of theport-B data (B0-B35) outputs is 
controlled by the port-B chip select (CS B) an d the port-B write/read select (W/RB). The B0-B35 output s are 
in the high-impedance state when either CSB is high or W/RB is low. The B0-B35 outputs are active when CSB 
is low and W/RB is high. 

Data is read from the FIFO to its output register on a low-to-high transition of CLKB when CSB and the port-B 
mailbox select (MBB) are low, W/RB, the port-B enable (ENB), and the output-ready (OR) flag are high 
(see Table 3). Reads from the FIFO are independent of any concurrent FIFO writes. 
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FIFO write/read operation (continued) 



Table 3. Port-B Enable Function Table 



CSB 


W/RB 


ENB 


MBB 


CLKB 


B0-B35 OUTPUTS 


PORT FUNCTION 


H 


X 


X 


X 


X 


In high-impedance state 


None 


L 


L 


L 


X 


X 


In high-impedance state 


None 


L 


L 


H 


L 


T 


In high-impedance state 


None 


L 


L 


H 


H 


T 


In high-impedance state 


Mail2 write 


L 


H 


L 


L 


X 


Active, FIFO output register 


None 


L 


H 


H 


L 


T 


Active, FIFO output register 


FIFO read 


L 


H 


L 


H 


X 


Active, main register 


None 


L 


H 


H 


H 


T 


Active, maiH register 


Main read (set MBFT high) 



The setup- and hold-time constraints to the port clocks for the port-chip selects and write/read selects are only 
for enabling write and read operations and are not related to high-impedance control of the data outputs. If a 
port enable is low during a clock cycle, the port-chip select and write/read select can change states during the 
setup- and hold-time window of the cycle. 

When the output-ready (OR) flag is low, the next data word is sent to the FIFO output register automatically by 
the CLKB low-to-high transition that sets the output-ready flag high. When OR is high, an available dat a wor d 
is clocked to the FIFO output register only when a FIFO read is selected by the port-B chip select (CSB), 
write/read select (W/RB), enable (ENB), and mailbox select (MBB). 

synchronized FIFO flags 

Each FIFO flag is synchronized to its port clock through at least two flip-flop stages. This is done to improve the 
flags' reliability by reducing the probability of metastable events on their outputs when CLKA and CLKB operate 
asynchronously to one another (see the application report Metastability Performance of Clocked FIFOs in the 
1996 High-Performance FIFO Memories Data Book, literature number SCAD003C). OR and AE are 
synchronized to CLKB. IR and AF are synchronized to CLKA. Table 4 shows the relationship of each flag to the 
number of words stored in memory. 



Table 4. FIFO Flag Operation 



NUMBER OF WORDS IN 
FIFOt* 


SYNCHRONIZED 
TO CLKB 


SYNCHRONIZED 
TO CLKA 


OR AE 


AF IR 


0 


L L 


H H 


1 toX 


H L 


H H 


(X + 1)to[512-(Y + 1)] 


H H 


H H 


(512 -Y) to 511 


H H 


L H 


512 


H H 


L L 



t X is the almost-empty offset for AE. Y is the almost-full offset for AF, 
$ When a word is present in the FIFO output register, its previous memory 
location is free. 
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output-ready flag (OR) 

The output-ready flag of a FIFO is synchronized to the port clock that reads data from its array (CLKB). When 
the output-ready flag is high, new data is present in the FIFO output register. When the output-ready flag is low, 
the previous data word is present in the FIFO output register and attempted FIFO reads are ignored. 

A FIFO read pointer is incremented each time a new word is clocked to its output register. The state machine 
that controls an output-ready flag monitors a write-pointer and read-pointer comparator that indicates when the 
FIFO SRAM status is empty, empty+1 , or empty+2. From the time a word is written to a FIFO, it can be shifted 
to the FIFO output register in a minimum of three cycles of CLKB; therefore, an output-ready flag is low if a word 
in memory is the next data to be sent to the FIFO output register and three CLKB cycles have not elapsed since 
the time the word was written. The output-ready flag of the Fl FO remains low until the third low-to-high transition 
of CLKB occurs, simultaneously forcing the output-ready flag high and shifting the word to the FIFO output 
register. 

A low-to-high transition on CLKB begins the first synchronization cycle of a write if the clock transition 
occurs at time t S k(i), or greater, after the write. Otherwise, the subsequent CLKB cycle can be the first 
synchronization cycle (see Figure 6). 

input-ready flag (IR) 

The input-ready flag of a FIFO is synchronized to the port clock that writes data to its array (CLKA). When the 
input-ready flag is high, a memory location is free in the SRAM to write new data. No memory locations are free 
when the input-ready flag is low and attempted writes to the FIFO are ignored. 

Each time a word is written to a FIFO, its write pointer is incremented. The state machine that controls an 
input-ready flag monitors a write-pointer and read-pointer comparator that indicates when the FIFO SRAM 
status is full, full— 1 , or full— 2. From the time a word is read from a FIFO, its previous memory location is ready 
to be written in a minimum of three cycles of CLKA; therefore, an input-ready flag is low if less than two cycles 
of CLKA have elapsed since the next memory write location has been read. The second low-to-high transition 
on CLKA after the read sets the input-ready flag high, and data can be written in the following cycle. 

A low-to-high transition on CLKA begins the first synchronization cycle of a read if the clock transition 
occurs at time t S k(-|), or greater, after the read. Otherwise, the subsequent CLKA cycle can be the first 
synchronization cycle (see Figure 7). 

almost-empty flag (AE) 

The almost-empty flag of a FIFO is synchronized to the port clock that reads data from its array (CLKB). The 
state machine that controls an almost-empty flag monitors a write-pointer and read-pointer comparator that 
indicates when the FIFO SRAM status is almost empty, almost empty+1 , or almost empty+2. The almost-empty 
state is defined by the contents of register X. This register is loaded with a preset value during a FIFO reset, 
programmed from port A, or programmed serially (see almost-empty flag and almost-full flag offset 
programming). The almost-empty flag is low when the FIFO contains X or fewer words and is high when the 
FIFO contains (X + 1) or more words. A data word present in the FIFO output register has been read from 
memory. 

Two low-to-high transitions of CLKB are required after a FIFO write for the almost-empty flag to reflect the new 
level of fill; therefore, the almost-empty flag of a FIFO containing (X + 1 ) or more words remains low if two cycles 
of CLKB have not elapsed since the write that filled the memory to the (X + 1) level. An almost-empty flag is set 
high by the second low-to-high transition of CLKB after the FIFO write that fills memory to the (X + 1) level. 
A low-to-high transition of CLKB begins the first synchronization cycle if it occurs at time t S k{2)> or greater, after 
the write that fills the FIFO to (X + 1) words. Otherwise, the subsequent CLKB cycle can be the first 
synchronization cycle (see Figure 8). 
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almost-full flag (AF) 

The almost-full flag of a FIFO is synchronized to the port clock that writes data to its array (CLKA). The state 
machine that controls an almost-full flag monitors a write-pointer and read-pointer comparator that indicates 
when the FIFO SRAM status is almost full, almost full— 1, or almost full— 2. The almost-full state is defined by 
the contents of register Y. This register is loaded with a preset value during a FIFO reset, programmed from port 
A, or programmed serially (see almost-empty flag and almost-full flag offset programming). The almost-full flag 
is low when the number of words in the FIFO is greater than or equal to (512 - Y). The almost-full flag is high 
when the number of words in the FIFO is less than or equal to [512 - (Y + 1)]. A data word present in the FIFO 
output register has been read from memory. 

Two low-to-high transitions of CLKA are required after a FIFO read for its almost-full flag to reflect the new level 
of fill; therefore, the almost-full flag of a Fl FO containing [51 2 - (Y + 1 )] or fewer words remains low if two cycles 
of CLKA have not elapsed since the read that reduced the number of words in memory to [512 - (Y + 1)]. An 
almost-full flag is set high by the second low-to-high transition of CLKA after the FIFO read that reduces the 
number of words in memory to [51 2 - (Y + 1 )]. A low-to-high transition of CLKA begins the first synchronization 
cycle if it occurs at time t S |<(2)» or greater, after the read that reduces the number of words in memory to 
[51 2 - (Y + 1 )]. Otherwise, the subsequent CLKA cycle can be the first synchronization cycle (see Figure 9). 

synchronous retransmit 

The synchronous-retransmit feature of the SN74ACT3631 allows FIFO data to be read repeatedly starting at 
a user-selected position. The FIFO is first put into retransmit mode to select a beginning word and prevent 
on-going FIFO write operations from destroying retransmit data. Data vectors with a minimum length of three 
words can retransmit repeatedly starting at the selected word. The FIFO can be taken out of retransmit mode 
at any time and allow normal device operation. 

The FIFO is put in retransmit mode by a low-to-high transition on CLKB when the retransm it-mode (RTM) input 
is high and OR is high. This rising CLKB edge marks the data present in the FIFO output register as the first 
retransmit data. The FIFO remains in retransmit mode until a low-to-high transition occurs while RTM is low. 

When two or more reads occur after the initial retransmit word, a retransmit is initiated by a low-to-high transition 
on CLKB when the read-from-mark (RFM) input is high. This rising CLKB edge shifts the first retransmit word 
to the FIFO output register and subsequent reads can begin immediately. Retransmit loops can be done 
endlessly while the FIFO is in retransmit mode. RFM must be low during the CLKB rising edge that takes the 
FIFO out of retransmit mode. 

When the Fl FO is put into retransmit mode, it operates with two read pointers. The current read pointer operates 
normally, incrementing each time a new word is shifted to the FIFO output register and used by the OR and AE 
flags. The shadow read pointer stores the SRAM location at the time the device is put into retransmit mode and 
does not change until the device is taken out of retransmit mode. The shadow read pointer is used by the IR 
and AF flags. Data writes can proceed while the FIFO is in retransmit mode, but AF is set low by the write that 
stores (512 - Y) words after the first retransmit word. The IR flag is set low by the 512th write after the first 
retransmit word. 

When the FIFO is in retransmit mode and RFM is high, a rising CLKB edge loads the current read pointer with 
the shadow read-pointer value and the OR flag reflects the new level of fill immediately. If the retransmit changes 
the FIFO status out of the almost-empty range, up to two CLKB rising edges after the retransmit cycle are 
needed to switch AE high (see Figure 11)._The rising CLKB edge that takes the FIFO out of retransmit mode 
shifts the read pointer used by the IR and AF flags from the shadow to the current read pointer. If the change 
of read pointer used by IR and AF should cause one or both flags to transition high, at least two CLKA 
synchronizing cycles are needed before the flags reflect the change. A rising CLKA edge after the FIFO is taken 
out of retransmit mode is the first synchronizing cycle of I R if it occurs at time t S k(i) or greater after the rising 
CLKB edge (see FigureJ2). A rising CLKA edge after the FIFO is taken out of retransmit mode is the first 
synchronizing cycle of AF if it occurs at time t S k(2)» or greater, after the rising CLKB edge (see Figure 14). 
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mailbox registers 

Two 36-bit bypass registers pass command and control information between port A and port B. The 
mailbox-select (MBA, MBB) inputs choose between a mail register and a FIFO for a port data transfer operation. 
A low -to-high transition on CLKA writes A0-A35 data to the maiH register when a port-A write is selected by 
CSA, W/RA, and ENA with MBA hi gh. A low-to-high transition on CLKB writes B0-B35 data to the mail2 register 
when a port-B write is sele cte d by C SB, W/RB, and ENB with MBB high. Writing data to a mail register sets its 
corresponding flag (MBF1 or MBF2) low. Attempted writes to a mail register are ignored while its mail flag is 
low. 

When the port-B data (B0-B35) outputs are active, the data on the bus comes from the FIFO output register 
when the port-B mailbox select (MBB) input is low and from the maiH register when MBB is high. Mai l2 data 
is always present on the port-A data (A0-A35) outputs when they are active. Th e maiH register flag (MBF1) 
is set high by a low-to-high transiti on on C LKB when a port-B read is selected by CSB, W/RB, and ENB with 
MBB high. Th e mai !2 register flag (MBF2) is set high by a low-to-high transition on CLKA when a port-A read 
is selected by CSA, W/RA, and ENA with MBA high. The data in a mail register remains intact after it is read 
and changes only when new data is written to the register. 



CLKA 



CLKB 




|«- tsu(RS) 



RST 
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AE 



'pd(R-F) | « » l 



tpd(R-F) j« H 

at v/;///>//77T 
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MBF1, t 
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Figure 1. FIFO Reset Loading X and Y With a Preset Value of Eight 
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CLKA 



RST 
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IR 
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AF Offset 
(Y) 



AE Offset First Word Stored in FIFO 
(X) 



NOTE A: CSA = L, W/RA = H, MBA = L. It is not necessary to program offset register on consecutive clock cycles. 

Figure 2. Programming the Almost-Full Flag and Almost-Empty Flag Offset Values From Port A 
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NOTE A: It is not necessary to program offset register bits on consecutive clock cycles. FIFO write attempts are ignored until IR is set high. 
Figure 3. Serially Programming the Almost-Full Flag and Almost-Empty Flag Offset Values 
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Figure 4. FIFO Write-Cycle Timing 
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Figure 5. FIFO Read-Cycle Timing 
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T *sk(1 ) is the minimum time between a rising CLKA edge and a rising CLKB edge for OR to transition high and to clock the next word to the FIFO 
output register in three CLKB cycles. If the time between the rising CLKA edge and rising CLKB edge is less than t s k(i), then the transition of 
OR high and the first word load to the output register can occur one CLKB cycle later than shown. 



Figure 6. OR-Flag Timing and First-Data- Word Falithrough When the FIFO Is Empty 
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t t s k(-( ) is the minimum time between a rising CLKB edge and a rising CLKA edge for I R to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than t s k(i), then IR can transition high one CLKA cycle later than shown. 



Figure 7. IR-Flag Timing and First Available Write When the FIFO Is Full 
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«B MWF^ 

t t s k(2) is the minimum time between a rising CLKA edge and a rising CLKB edge for AE to transition high in the next CLKB cycle. If the time between 

the rising CLKA edg e and rising CLKB edge is less than t S k(2), t hen A E canjransition high one CLKB cycle later than shown. 
NOTE A: FIFO write (CSA = L, W/RA = H, MBA = L), FIFO read (CSB = L, W/RB = H, MBB = L) 

Figure 8. Timing for AE When FIFO Is Almost Empty 



!«- t S k(2)t -M 

clka y \ /— — f"\ ^ S n 

tsu(EN)k-^j ^^(EN) 
///////"\\\\\\\ 



ENA — i \ 



tpd(C-AF)H M | t pc j(C-AF) \*~ 

AF [512 -(Y + 1)] Words in FIFO ^ (512 - Y) Words in FIFO 



clkb J~ — s / s Jr x — s / — \ 



ENB 



*SU(EN) f * | 



t t s k(2) is the minimum time between a rising CLKA edge and a rising CLKB edge for AF to transition high in the next CLKA cycle. If the time between 

the rising CLKB edg e and rising CLKA edge is less than t s |<(2), t hen A F canjtransition high one CLKA cycle later than shown. 
NOTE A: FIFO write (CSA = L, W/RA = H, MBA = L), FIFO read (CSB = L, W/RB = H, MBB = L) 

Figure 9. Timing for AF When the FIFO Is Almost Full 
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CLKB /" 



ENB 



RTM 



RFM 



OR 



B0-B35 



tsu(EN) 



/ V 

th(EN) 

tsu(EN) |« — 4*H t h (EN) 



£ZzrV*w 



4- 



a. 



tsu(EN) |* 



< — ^ 

\ th(EN) 



"X. 



i 

»su(EN) |« — 4** 1 th < EN > 



tsu(EN) k 



th(EN) 



High 



wo 



W1 



W2 



Initiate Retransmit Mode 
With WO as First Word 



H-t a -*l 



WO 



Retransmit From 
Selected Position 



End Retransmit 
Mode 



W1 



NOTE A: CSB = L, W/RB = H, MBB = L No input enables other than RTM and RFM are needed to control retransmit mode or begin a retransmit. 
Other enables are shown only to relate retransmit operations to the FIFO output register. 



Figure 10. Retransmit Timing Showing Minimum Retransmit Length 



CLKB / 



RTM High 



*su(RM) 
RFM 



V 



]-«-th(RM) 



^ — V 



AE 



X or Fewer Words From Empty 



y(x + i> 



tpd(C-AE) 



or More Words From Empty 



NOTE A: X is the value loaded in the almost-empty flag offset register. 

Figure 11. AE Maximum Latency When Retransmit Increases the Number of Stored Words Above X 
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N-t S k(i)t-H 

CLKA \ / f\ ^ S f 2 V / S / 

J tpd(C-IR) f H 

IR FIFO Filled to First Retransmit Word } One or More Write Locations Available 

I 

clkb / — -\ jf — s / — v__y — \ / — V- 

tsu(EN) l« — *h(EN) 

*™ ^ torn . 

t t s |<(i ) is the minimum time between a rising CLKB edge and a rising CLKA edge for I R to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than t S k(i), then IR can transition high one CLKA cycle later than shown. 

Figure 12. IR Timing From the End of Retransmit Mode When One or More Write Locations Are Available 



K- t S k(2)t -H 

CLKA S -J 1^ \__jT2 S / 

| tpd(C-AE) |« "H 

AF (512 - Y) or More Words Past First Retransmit Word (Y + 1) or More Write Locations Available 

. / V \ S J \ / \ / S 



tsuJEN) i« M » l th(EN) 



t t s k(2) is the minimum time between a rising CLKB edge and a rising CLKA edge for AF to transition high in the next CLKA cycle. If the time between 

the rising CLKB edge and rising CLKA edge is less than t s k(2j, then AF can transition high one CLKA cycle later than shown. 
NOTE A: Y is the value loaded in the almost-full flag offset register. 

Figure 13. AF Timing From the End of Retransmit Mode When (Y + 1) 
or More Write Locations Are Available 
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CLKA /" 
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CLKB y 
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W/RB 
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ENB 



B0-B35 



ten 





|«-th(D) 



tpd(C-MF) -*| 

V 



"X. 



tpd(C-MF) 



Jr 



tsu(EN)l«- 



^sxv^ 

'h(EN) j »sssssss^ 



jzzzzr 



-*[ *pd(M-DV) 

tpd(C-MR) 
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FIFO Output Register 



^ 666£>63 l ( W1 (remains valid in main register after read) ) L 



Figure 14. Timing for Mail! Register and MBF1 Flag 
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CLKB 
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ENB 
B0-B35 
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t 8U (EN) U >j y 



j* — th(EN) 



y 
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,ssssssssssss\ 



V ///////////(' 
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MBA 
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A0-A35 
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W1 (remains valid in mall2 register after read) 



Figure 15. Timing for Mail2 Register and MBF2 Flag 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0-5 V to 7 V 

Input voltage range, V| (see Note 1) -0.5 V to Vcc + 0-5 V 

Output voltage range, Vq (see Note 1) -0.5 V to Vcc + 0-5 V 

Input clamp current, Ijk (V| < 0 or V| > Vcc) ±20 mA 

Output clamp current, Iqk ( v O < 0 or Vq > Vcc) ±50 m A 

Continuous output current, Iq (Vq = 0 to Vcc) ±50 mA 

Continuous current through Vcc or ^ ND ±400 mA 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output voltage ratings can be exceeded provided the input and output current ratings are observed. 



recommended operating conditions 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


V 


V|L 


Low-level input voltage 


0.8 


V 


'OH 


High-level output current 


-4 


mA 


lOL 


Low-level output current 


8 


mA 


T A 


Operating free-air temperature 


0 


70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


VOH 


VCC = 4.5 V, Ioh = -4 mA 


2.4 


V 


vol 


Vcc = 4.5 V, Iol = 8 mA 


0.5 


V 


ii 


Vcc = 5-5V, V| = Vccor0 


±5 


HA 


ioz 


Vcc = 5.5V, V O = V C Cor0 


±5 


MA 


'cc 


Vcc = 5.5 V, V| = Vcc " 0.2 V or 0 


400 


ma 


AI C C § 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or ^ ND 


CSA = V| H 


A0-A35 


0 


mA 


CSB = V| H 


B0-B35 


0 


CSA = V| L 


A0-A35 


1 


CSB = V|L 


B0-B35 


1 


All other inputs 


1 


Ci 


V| = 0, f = 1 MHz 


4 


pF 


Co 


Vo = 0, f = 1 MHz 


8 


PF 



* All typical values are at Vcc = 5 V, T/\ = 25°C. 

§ This is the supply current when each input is at one of the specified TTL voltage levels rather than 0 V or Vcc- 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 15) 





ACT3631-15 


'ACT3631-20 


ACT3631-30 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


'clock Clock trequency, CLKA or CLKB 


66.7 


50 


0O.4 


MUt 

MHZ 


t c Clock cycle time, CLKA or CLKB 


15 


20 


30 


ns 


*w(CH) Pulse duration, CLKA and CLKB high 


6 


8 


12 


ns 


W(CL) Pulse duration, CLKA and CLKB low 


6 


8 


12 


ns 


t«../n\ Sptnn timp AO-A^S hpfnrp CI KAt and RO— RTS hpfnrp CI KRT 


7 


7.5 


8 


ns 


t«,,/ccM\i ^ptuntimp F91/SPN hpfnrp CI KAt 

SU(otN) OClU|J IIIIIC, 1 v3 1 / O L_l N UGiKJlsS VjLl\n 1 


5 


6 


7 


ns 


Setup time, CSA, W/RA, and MBA to CLKAt; 
*su(EN2) CSB 5 VV/RB, and MBB before CLKB? 


7 


7.5 


8 


ns 


t su (RM) Setup time, RTM and RFM to CLKB? 


6 


6.5 


7 


ns 


t su (RS) Setup time, RST low before CLKAt or CLKBtt 


5 


6 


7 


ns 


t SU (FS) Setup time, FSO and FS1 before RST high 


9 


10 


11 


ns 


tsu(SD)* Setup time, FSO/SD before CLKAT 


5 


6 


7 


ns 


*su(EN1) Setup time, ENA to CLKAt; ENB to CLKBt 


5 


6 


7 


ns 


tu/n\ Hnlri timp AD-A^S aftpr CI KAt anri Rf)-R^ aftpr CI KRt 


o 


o 


o 


ns 


tu/cMH \ Hnlri timp FNA aftpr CI KAt- FNR after CI KBt 

*M I H |v | 1 i 1UIVJ U1IIC7, I— 1 MAA Gil l\3l V-/ L. \ 1 , LIND Cll Ivl V> L.I\LJ 1 


o 


o 


o 


ns 


Hold time, CbA, w/ha, and mba atter clka i ; 
th(EN2) CSB ( vv/RB, and MBB after CLKBt 


0 


0 


0 


ns 


t n (RM) Hold time, RTM and RFM after CLKBt 


0 


0 


0 


ns 


t h ( RS ) Hold time, RST low after CLKAt or CLKBtt 


5 


6 


7 


ns 


th(FS) Hold time, FSO and FS1 after RST high 


0 


0 


0 


ns 


th(SP)* Hold time, FS1/SEN high after RST high 


0 


0 


0 


ns 


th(SD)* Hold time, FSO/SD after CLKAt 


0 


o 


0 


ns 


t h (SEN)* Hold time, FS1/SEN after CLKAt 


0 


0 


0 


ns 


*sk(1 )§ Skew time between CLKAt and CLKBt for OR and IR 


9 


11 


13 


ns 


t s k(2)§ Skew time between CLKAt and CLKBt for AE and AF 


12 


16 


20 


ns 



t Requirement to count the clock edge as one of at least four needed to reset a FIFO 
t Only applies when serial load method used to program flag offset registers 

§ Skew time is not a timing constraint for proper device operation and is included to illustrate the timing relationship between CLKA cycle and CLKB 
cycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 30 pF (see Figures 1 through 15) 



PARAMETER 


ACT3631-15 


ACT3631-20 


ACT3631-30 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


ta 


Access time, CLKBT to B0-B35 


3 


11 


3 


13 


15 


ns 


tDd(C-IR) 


Propagation delay time, CLKAt to IR 


0 


8 


0 


10 


0 


12 


ns 


tDd(C-OR) 


Propagation delay time, CLKBT to OR 


1 


8 


1 


10 


1 


12 


ns 


tpd(C-AE) 


Propagation delay time, CLKBT to AE 


1 


8 


1 


10 


1 


12 


ns 


tpd(C-AF) 


Propagation delay time, CLKAT to AF 


1 


8 


1 


10 


1 


12 


ns 


tpd(C-MF) 


Propagation delay time, CLKAT to MBF1 low or MBF2 high and 
CLKBT to MBF2 low or MBF1 high 


0 


8 


0 


10 


0 


12 


ns 


tpd(C-MR) 


Propagation delay time, CLKAT to B0-B35T and CLKBT to 
A0-A35* 


3 


13.5 


3 


15 


3 


17 


ns 


tpd(M-DV) 


Propagation delay time, MBB to BO - B35 valid 


3 


13 


3 


15 


3 


17 


ns 


tpd(R-F) 


Propagation delay time, RST low to AE low and AF high 


1 


15 


1 


20 


1 


30 


ns 


ten 


Enable time, CSA and W/RA low to A0-A35 active and CSB low 
and W/RB high to B0-B35 active 


2 


12 


2 


13 


2 


14 


ns 


tdis 


Disable time, CSA or W/RA high to AO- A35 at high impedance 
and CSB high or W/RB low to B0-B35 at high impedance 


1 


10 


1 


11 


1 


12 


ns 



t Writing data to the maiH register when the B0-B35 outputs are active and MBB is high 
$ Writing data to the mail2 register when the AO- A35 outputs are active and MBA is high 
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TYPICAL CHARACTERISTICS 



SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 



250 
1 200 



f data 
Ta = 
Cl = 


= 1/2 f c 

25°C 

OpF 


Jock 




V C ( 


- = 5.5 i 








vcc 




















'CC = ' 


.5 V 































0 10 20 30 40 50 60 70 
f C |ock - Clock Frequency - MHz 
Figure 16 



calculating power dissipation 

With lcc(f) taken from Figure 1 6, the maximum power dissipation (P-r) of the SN74ACT3631 can be calculated 
by: 

Pt = V C C x OcC(f) + (N x AI C c * dc)] + I(C L x V C c 2 x W 
Where: 

N = number of inputs driven by TTL levels 

Alec - increase in power supply current for each input at a TTL high level 

dc = duty cycle of inputs at a TTL high level of 3.4 V 

C|_ = output capacitive load 

f 0 = switching frequency of an output 
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PARAMETER MEASUREMENT INFORMATION 

5V 



1100 CI 



From Output 
Under Test 



680 Q ^ 30 pF 

(see Note A) 



LOAD CIRCUIT 



Timing 
Input 



J. 



1.5 V 



3V 
GND 



t SU H4— +1* th 

Data, \J 3V 

Enable /M-*V \l.5V 
Input f V — 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



GND 



Hlgh-Level 
Input 



Low-Level 
Input 




VOLTAGE WAVEFORMS 
PULSE DURATIONS 



Output 
Enable 



Low-Level 
Output 



High-Level 
Output 



1.5 V 



1.5 V 



—►I j<-tpLZ — >| j4-tp ZL 




3V 
GND 

«3V 

vol 

VOH 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 



Input jjf' 
tpd 



1.5 V 



k — ^tpd 



3V 
GND 



In-Phase 
Output 



^1.5 V ^1.5V 



V 0H 

vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



NOTE A: Includes probe and jig capacitance 

Figure 17. Load Circuit and Voltage Waveforms 
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Free-Running CLKA and CLKB Can Be 
Asynchronous or Coincident 
Clocked FIFO Buffering Data From Port A 
to Port B 

Memory Size: 1024 x 36 

Synchronous Read-Retransmit Capability 

Mailbox Register in Each Direction 

Programmable Almost-Full and 

Almost-Empty Flags 

Microprocessor Interface Control Logic 

Input-Ready (IR) and Almost-Full (AF) Flags 
Synchronized by CLKA 



• Output-Ready (OR) and Almost-Empty (AE) 
Flags Synchronized by CLKB 

• Low-Power 0.8-Micron Advanced CMOS 
Technology 

• Supports Clock Frequencies up to 67 MHz 

• Fast Access Times of 11 ns 

• Pin-to-Pin Compatible With the 
SN74ACT3631 and SN74ACT3651 

• Available in Space-Saving 120-Pin Thin 
Quad Flat (PCB) and 132-Pin Plastic Quad 
Flat (PQ) Packages 



description 



The SN74ACT3641 is a high-speed, low-power, CMOS clocked FIFO memory. It supports clock frequencies 
up to 67 MHz and has read access times as fast as 12 ns. The 1024 x 36 dual-port SRAM FIFO buffers data 
from port A to port B. The FIFO memory has retransmit capability, which allows previously read data to be 
accessed again. The FIFO has flags to indicate empty and full conditions and two programmable flags (almost 
full and almost empty) to indicate when a selected number of words is stored in memory. Communication 
between each port can take place with two 36-bit mailbox registers. Each mailbox register has a flag to signal 
when new mail has been stored. Two or more devices can be used in parallel to create wider datapaths. 
Expansion is also possible in word depth. 

The SN74ACT3641 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable 
signals. The continuous clocks for each port are independent of one another and can be asynchronous or 
coincident. The enables for each port are arranged to provide a simple interface between microprocessors 
and/or buses with synchronous control. 

The input-ready (IR) flag and almost-full (AF) flag of the FIFO are two-stage synchronized to CLKA. The 
output-ready (OR) flag and almost-empty (AE) flag of the FIFO are two-stage synchronized to CLKB. Offset 
values for the almost-full and almost-empty flags of the Fl FO can be programmed from port A or through a serial 
input. 

The SN74ACT3641 is characterized for operation from 0°C to 70°C. 

For more information on this device family, seethe application reports FIFO Patented Synchronous Retransmit: 
Programmable DSP-Interface Application for FIR Filtering and FIFO Mailbox-Bypass Registers: Using Bypass 
Registers to Initialize DMA Control in the 1996 High-Performance FIFO Memories Designer's Handbook, 
literature number SCAA012A. 
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PCB PACKAGE 
(TOP VIEW) 





GND 

ENA 
W/RA 
CSA 
IR 






o m Q 


t- _ rn co 

ll oimcc co* 0 
2 O O fe LU O ^ 










LL u_ 0C DC>"Z5(D 








nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 








o 


O) 00 1 — CO LO 


t CO CM t- 


o 


§ 


8fe 8 83 8 8 


r 00)00 
O O O) O) 




CD 


8 o> 8 o> 








A35C 


1 




















90 


□ 


B35 


A34C 


2 




















89 


□ 


B34 


A33C 


3 




















88 


□ 


B33 


A32C 


4 




















87 


□ 


B32 


Vcc^ 


5 




















86 


□ 


GND 


A31 C 


6 




















85 


□ 


B31 


A30C 


7 




















84 


□ 


B30 


GND C 


8 




















83 


□ 


B29 


A29C 


9 




















82 


□ 


B28 


A28C 


10 




















81 


□ 


B27 


A27C 


11 




















80 


□ 


B26 


A26 C 


12 




















79 


□ 


Vcc 


A25 C 


13 




















78 


□ 


B25 


A24 C 


14 




















77 


□ 


B24 


A23 C 


15 




















76 


□ 


GND 


GND C 


16 




















75 


□ 


B23 


A22 C 


17 




















74 


□ 


B22 


v C cC 


18 




















73 


□ 


B21 


A21 □ 


19 




















72 




B20 


A20C 


20 




















71 


□ 


B19 


A19C 


21 




















70 


□ 


B18 


A18C 


22 




















69 


□ 


GND 


GNDC 


23 




















68 


□ 


B17 


A17C 


24 




















67 


□ 


B16 


A16C 


25 




















66 


□ 


Vcc 


A15C 


26 




















65 


□ 


B15 


A14C 


27 




















64 


□ 


B14 


A13C 


28 




















63 




B13 


VccC 


29 




















62 


□ 


B12 


A12C 


30 




















61 


□ 


GND 




CO 


CvJ CO 3; LO CD 
CO CO CO CO CO 


CO CO CO ^ 






CO lO CD N 00 O) 

"fr ^ "«t "fr ^ 


O i— CM CO 
LO LO LO LO 


s 


LO 

in 


(O N 00 O) 
LO LO LO LO 


o 

CO 








uuuuuuuuuuuuuuuuuuuuuuuuuuuuuu 








GND 


t- OO) CO N 

5<<<< 


CD Q LO 5 

o 




CM i- Q Q O i- CM 
< < < ^ CO CD CD 

0 


co 3; L£ Q 

co co co 2: 
o 


CO 
CQ 


O 

>° 


co§S?- 

CO CO 







NC - No internal connection 
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Terminal Functions 



TERMINAL 
NAME 


I/O 


nCC^DIDTIAM 

DESCRIPTION 


A0-A35 


I/O 


Port-A data. The 36-bit bidirectional data port for side A. 


AE 


0 


Almost-empty flag. Programmable flag synchronized to CLKB. AE is low when the number of words in the FIFO is less 
than or equal to the value in the almost-empty offset register (X). 


AF 


0 


Almost-full flag. Programmable flag synchronized to CLKA. AF is low when the number of empty locations in the FIFO 
is less than or equal to the value in the almost-full offset register (Y). 


B0-B35 


I/O 


Port-B data. The 36-bit bidirectional data port for side B. 


L»l_r\A 




Port-A clock. CLKA is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to CLKB. IR and AF are synchronous to the low-to-high transition of CLKA. 


CLKB 




Port-B clock. CLKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
or coincident to CLKA. OR and AE are synchronous to the low-to-high transition of CLKB. 


CSA 




Port-A chip select. CSA must be low to enable a low-to-high transition of CLKA to read or write data on port A. The 
A0-A35 outputs are in the high-impedance state when CSA is high. 


CSB 




Port-B chip select. CSB must be low to enable a low-to-high transition of CLKB to read or write data on port B. The 
B0-B35 outputs are in the high-impedance state when CSB is high. 


ENA 




ron-M masier ciiauic. cinm rnusi dc nign xo enaijic a low-io-nign iransuiori ot oi_rvM iu rcau or write oaia on pon m. 


ENB 


1 


Port-B master enable. ENB must be high to enable a low-to-high transition of CLKB to read or write data on port B. 


FS1/SEN, 
FSO/SD 


1 


Flag-offset select 1 /serial enable, flag-offset select 0/serial data. FS1/SEN and FSO/SD are dual-purpose inputs used 
for flag-offset register programming. During a device reset, FS1/SEN and FSO/SD select the flag-offset programming 

iiltJU IOU. 1 nice Ullocl I cyiolci jJiuyi ai Tlilllliy l lieu IvJUo cue aVallcUJlG. aUlUiIlcUIOctlly lOdO Ollc Ol IWO [JF cocl Valuco, jJcHdllel 

load from port A, and serial load. 

When serial load is selected for flag-offset-register programming, FS1/SEN is used as an enable synchronous to the 
low-to-high transition of GLKA. When rol/ocN is low, a rising edge on ULKA loads the bit present on roO/oU into the 
X and Y offset registers. The number of bit writes required to program the offset registers is 20. The first bit write stores 
the Y-register MSB and the last bit write stores the X-register LSB. 


IR 


0 


Input-ready flag. IR is synchronized to the low-to-hitjh transition of CLKA. When IR is low, the FIFO is full and writes to 
its array are disabled. When the FIFO is in retransmit mode, IR indicates when the memory has been filled to the point 
of the retransmit data and prevents further writes. IR is set low during reset and is set high after reset. 


MBA 


1 


Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A read or write operation. 


MBB 


1 


Port-B mailbox select. A high level on MBB chooses a mailbox register for a port-B read or write operation. When the 
B0-B35 outputs are active, a high level on MBB selects data from the main register for output and a low level selects 
FIFO data for output. 


MBF1 


0 


MaiH register flag. MBFi is set low by the low-to-high transition of CLKA that writes data to the main register. MBF1 
is set high by a low-to-high transition of CLKB when a port-B read is selected and MBB is high. MBF1 is set high by a 
reset. 


MBF2 


0 


Mail2 register flag. MBF2 is set low by the low-to-high transition of CLKB that writes data to the mail2 register. MBF2 
is set high by a low-to-high transition of CLKA when a port-A read is selected and MBA is high. MBF2 is set high by a 
reset. 


OR 


o 


Output-ready flag. OR is synchronized to the low-to-high transition of CLKB. When OR is low, the FIFO is empty and 

rPfifta flrp rifcflhlpd RpaHv Hata iq nrPQpnt in thp mitmit rpniQtpr nf thp FIFO whpn OR iq hinh OR ic fnrppH Inw Hnrinn 

the reset and goes high on the third low-to-high transition of CLKB after a word is loaded to empty memory. 


RFM 


1 


Read from mark. When the FIFO is in retransmit mode, a high on RFM enables a low-to-high transition of CLKB to reset 
the read pointer to the beginning retransmit location and output the first selected retransmit data. 


RST 


1 


Reset. To reset the device, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur 
while RST is low. The low-to-high transition of RST latches the status of FSO and FS1 for AF and AE offset selection. 


RTM 


1 


Retransmit mode. When RTM is high and valid data is present in the FIFO output register (OR is high), a low-to-high 
transition of CLKB selects the data for the beginning of a retransmit and puts the FIFO in retransmit mode. The selected 
word remains the initial retransmit point until a low-to-high transition of CLKB occurs while RTM is low, taking the FIFO 
out of retransmit mode. 
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Terminal Functions (Continued) 



TERMINAL 
NAME 


I/O 


DESCRIPTION 


W/RA 


I 


Port-A write/read select. A high on W/RA selects a write operation and a low selects a read operation on port A for a 
low-to-high transition of CLKA. The A0-A35 outputs are in the high-impedance state when W/RA is high. 


W/RB 


I 


Port-B write/read select. A low on W/RB selects a write operation and a high selects a read operation on port B for a 
low-to-high transition of CLKB. The B0-B35 outputs are in the high-impedance state when W/RB is low. 



detailed description 
reset 

The SN74ACT3641 is reset by taking the r eset (RST) input low for at least four port-A clock (CLKA) and four 
port-B clock (CLKB) low-to-high transitions. RST can switch asynchronously to the clocks. A reset initializes the 
memory read and write pointers and forces thejnput-ready (IR) flag low, the output-ready (OR) flag low, the 
almost-empty (AE) flag low, and the almost-full (AF) flag high. Resetting the device also forces the mailbox flags 
(MBF1 , MBF2) high. After a FIFO is reset, its input-ready flag is set high after at least two clock cycles to begin 
normal operation. A FIFO must be reset after power up before data is written to its memory. 

almost-empty flag and almost-full flag offset programming 

Two registers in the SN74ACT3641 are used to hold the offset values for the almost-empty and almost-full flags. 
The almost-empty (AE) flag offset register is labeled X, and the almost-full (AF) flag offset register is labeled Y. 
The offset registers can be loaded with a value in three ways: one of two preset values are loaded into the offset 
registers, parallel load from port A, or serial load. The offse t reg ister programming mode is chosen by the flag 
select (FS1 , FSO) inputs during a low-to-high transition on RST (see Table 1). 



Table 1. Flag Programming 



FS1 


FSO 


RST 


X AND Y REGISTERSt 


H 


H 


T 


Serial load 


H 


L 


T 


64 


L 


H 


t 


8 


L 


L 


T 


Parallel load from port A 



t X register holds the offset for AE; Y register holds the 
offset for AF. 



preset values 

If a preset value of 8 or 64 is chosen by FS1 and FSO at the time of a RST low-to-high transition according to 
Table 1 , the preset value is automatically loaded into the X and Y registers. No other device initialization is 
necessary to begin normal operation, and the IR flag is set high after two low-to-high transitions on CLKA. 

parallel load from port A 

To program theX and Y registers from port A, the device is reset with FSO and FS1 low during the low-to-high 
transition of RST. After this reset is complete, IR is set high after two low-to-high transitions on CLKA. The first 
two writes to the FIFO do not store data in its memory but load the offset registers in the order Y, X. Each offset 
register of the SN74ACT3641 uses port-A inputs (A9-A0). Data input A9 is used as the most significant bit of 
the binary number. Each register value can be programmed from 1 to 1020. After both offset registers are 
programmed from port A, subsequent FIFO writes store data in the SRAM. 
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serial load 

To program the X and Y re gisters serially, the device is reset with FSO/SD and FS1/SEN high during the 
low-to-high transition of RST. After this reset is complete, theX and Y register values are loaded bitwise through 
FSO/SD on each low-to-high transition of CLKA that FS1 /SEN is low. Twenty-bit writes are needed to complete 
the programming. The first-bit write stores the most significant bit of the Y register and the last-bit write stores 
the least significant bit of the the X register. Each register value can be programmed from 1 to 1 020. 

When the option to program the offset registers serially is chosen, the IR remains low until all 20 bits are written. 
IR is set high by the low-to-high transition of CLKA after the last bit is loaded to allow normal FIFO operation. 

FIFO write/read operation 

The state of the portM data (A0-A35) outputs is controlled by the port-A chip select (CSA) and the p_ort-A 
write/read select (W/RA). The A0-A35 outputs are in the highnmpedance state when either CSA or W/RA is 
high. The A0-A35 outputs are active when both CSA and W/RA are low. 

Data is loaded into the FIFO from the A0-A35 inputs on a low-to-high transition of CLKA when CSA and the 
port-A mailbox select (MBA) are low, W/RA, the port-A enable (ENA), and the input-ready (IR) flag are high (see 
Table 2). Writes to the FIFO are independent of any concurrent FIFO reads. 



Table 2. Port-A Enable Function Table 



CSA 


W/RA 


ENA 


MBA 


CLKA 


A0-A35 OUTPUTS 


PORT FUNCTION 


H 


X 


X 


X 


X 


In high-impedance state 


None 


L 


H 


L 


X 


X 


In high-impedance state 


None 


L 


H 


H 


L 


t 


In high-impedance state 


FIFO write 


L 


H 


H 


H 


T 


In high-impedance state 


MaiM write 


L 


L 


L 


L 


X 


Active, mail2 register 


None 


L 


L 


H 


L 


T 


Active, mail2 register 


None 


L 


L 


L 


H 


X 


Active, mail2 register 


None 


L 


L 


H 


H 


T 


Active, mail2 register 


Mail2 read (set MBF2 high) 



The port-B control signals are identical to those of port A with the exception that the port-B write/read select 
(W/RB ) is th e inverse of W/RA. The state of the port-B data (B0-B35) outputs is controll ed by the port-Bchip 
select (CSB) and W/RB. The B0-B35 outputs are in the high-impedance state when either CSB is high or W/RB 
is low. The B0-B35 outputs are active when CSB is low and W/RB is high. 

Data is read from the FIFO to itsoutput register on a low-to-high transition of CLKB when CSB and the port-B 
mailbox select (MBB) are low, W/RB, the port-B enable (ENB), and the output-ready (OR) flag are high (see 
Table 3). Reads from the FIFO are independent of any concurrent FIFO writes. 
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FIFO write/read operation (continued) 



Table 3. Port-B Enable Function Table 



CSB 


W/RB 


ENB 


MBB 


CLKB 


B0-B35 OUTPUTS 


PORT FJJNCTION 


H 


X 


X 


X 


X 


In high-impedance state 


None 


L 


L 


L 


X 


X 


In high-impedance state 


None 


L 


L 


H 


L 


t 


In high-impedance state 


None 


L 


L 


H 


H 


T 


In high-impedance state 


Mail2 write 


L 


H 


L 


L 


X 


Active, FIFO output register 


None 


L 


H 


H 


L 


T 


Active, FIFO output register 


FIFO read 


L 


H 


L 


H 


X 


Active, maih register 


None 


L 


H 


H 


H 


T 


Active, maih register 


Maih read (set MBFT high) 



The setup- and hold-time constraints to the port clocks for the port-chip selects and write/read selects are only 
for enabling write and read operations and are not related to high-impedance control of the data outputs. If a 
port enable is low during a clock cycle, the port-chip select and write/read select can change states during the 
setup- and hold-time window of the cycle. 

When the OR is low, the next data word is sent to the Fl FO output register automatically by the CLKB low-to-high 
transition that sets OR high. Whe n OR i s high, an available data word is clocked to the Fl FO output register only 
when a FIFO read is selected by CSB, W/RB, ENB, and MBB. 

synchronized FIFO flags 

Each FIFO flag is synchronized to its port clock through at least two flip-flop stages. This is done to improve the 
flags' reliability by reducing the probability of metastable events on their outputs when CLKA and CLKB operate 
asynchronously to one another (see the application report Metastability Performance of Clocked FIFOs in the 
1996 High-Performance FIFO_Memories Data Book, literature number SCAD003Cj. OR and AE are 
synchronized to CLKB. IR and AF are synchronized to CLKA. Table 4 shows the relationship of each flag to the 
number of words stored in memory. 



Table 4. FIFO Flag Operation 



NUMBER OF WORDS IN 
FIFOtt 


SYNCHRONIZED 
TO CLKB 


SYNCHRONIZED 
TO CLKA 


OR 


AE 


AF IR 


0 


L 


L 


H H 


1 toX 


H 


L 


H H 


(X + 1)to [1024 -(Y+.1)] 


H 


H 


H H 


(1024 -Y) to 1023 


H 


H 


L H 


1024 


H 


H 


L L 



t X is the almost-empty offset for AE. Y is the almost-full offset for AF. 
t When a word is present in the FIFO output register, its previous memory 
location is free. 
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output-ready flag (OR) 

The output-ready flag of a FIFO is synchronized to the port clock that reads data from its array (CLKB). When 
the output-ready flag is high, new data is present in the FIFO output register. When the output-ready flag is low, 
the previous data word is present in the FIFO output register and attempted FIFO reads are ignored. 

A FIFO read pointer is incremented each time a new word is clocked to its output register. The state machine 
that controls an output-ready flag monitors a write-pointer and read-pointer comparator that indicates when the 
FIFO SRAM status is empty, empty+1 , or empty+2. From the time a word is written to a FIFO, it can be shifted 
to the FIFO output register in a minimum of three cycles of CLKB; therefore, an output-ready flag is low if a word 
in memory is the next data to be sent to the FIFO output register and three CLKB cycles have not elapsed since 
the time the word was written. The output-ready flag of the FIFO remains low until the third low-to-high transition 
of CLKB occurs, simultaneously forcing the output-ready flag high and shifting the word to the FIFO output 
register. 

A low-to-high transition on CLKB begins the first synchronization cycle of a write if the clock transition 
occurs at time t s W)> or greater, after the write. Otherwise, the subsequent CLKB cycle can be the first 
synchronization cycle (see Figure 6). 

input-ready flag (IR) 

The input-ready flag of a FIFO is synchronized to the port clock that writes data to its array (CLKA). When the 
input-ready flag is high, a memory location is free In the SRAM to write new data. No memory locations are free 
when the input-ready flag is low and attempted writes to the FIFO are ignored. 

Each time a word is written to a FIFO, its write pointer is incremented. The state machine that controls an 
input-ready flag monitors a write-pointer and read-pointer comparator that indicates when the FIFO SRAM 
status is full, full — 1 , or full— 2. From the time a word is read from a FIFO, its previous memory location is ready 
to be written in a minimum of three cycles of CLKA; therefore, an input-ready flag is low if less than two cycles 
of CLKA have elapsed since the next memory write location has been read. The second low-to-high transition 
on CLKA after the read sets the input-ready flag high, and data can be written in the following cycle. 

A low-to-high transition on CLKA begins the first synchronization cycle of a read if the clock transition 
occurs at time t S |<(-|), or greater, after the read. Otherwise, the subsequent CLKA cycle can be the first 
synchronization cycle (see Figure 7). 

almost-empty flag (AE) 

The almost-empty flag of a FIFO is synchronized to the port clock that reads data from its array (CLKB). The 
state machine that controls an almost-empty flag monitors a write-pointer and read-pointer comparator that 
indicates when the FIFO SRAM status is almost empty, almost empty+1 , or almost empty+2. The almost-empty 
state is defined by the contents of register X. This register is loaded with a preset value during a FIFO reset, 
programmed from port A, or programmed serially (see almost-empty Hag and almost-full flag offset 
programming). The almost-empty flag is low when the FIFO contains X or less words and is high when the FIFO 
contains (X + 1) or more words. A data word present in the FIFO output register has been read from memory. 

Two low-to-high transitions of CLKB are required after a FIFO write for the almost-empty flag to reflect the new 
level of fill; therefore, the almost-empty flag of a FIFO containing (X + 1 ) or more words remains low if two cycles 
of CLKB have not elapsed since the write that filled the memory to the (X + 1 ) level. An almost-empty flag is set 
high by the second low-to-high transition of CLKB after the FIFO write that fills memory to the (X + 1) level. 
A low-to-high transition of CLKB begins the first synchronization cycle if it occurs at time t S |<(2)» or greater, after 
the write that fills the FIFO to (X + 1) words. Otherwise, the subsequent CLKB cycle can be the first 
synchronization cycle (see Figure 8). 
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almost-full flag (AF) 

The almost-full flag of a FIFO is synchronized to the port clock that writes data to its array (CLKA). The state 
machine that controls an almost-full flag monitors a write-pointer and read-pointer comparator that indicates 
when the FIFO SRAM status is almost full, almost full — 1 , or almost full-2. The almost-full state is defined by 
the contents of register Y. This register is loaded with a preset value during a Fl FO reset, programmed from port 
A, or programmed serially (see almost-empty flag and almost-full flag offset programming). The almost-full flag 
is low when the number of words in the FIFO is greater than or equal to (1 024 - Y). The almost-full flag is high 
when the number of words in the FIFO is less than or equal to [1 024 - (Y + 1 )]. A data word present in the FIFO 
output register has been read from memory. 

Two low-to-high transitions of CLKA are required after a FIFO read for its almost-full flag to reflect the new level 
of fill. Therefore, the almost-full flag of a FIFO containing [1 024 - (Y + 1 )] or less words remains low if two cycles 
of CLKA have not elapsed since the read that reduced the number of words in memory to [1 024 - (Y + 1 )]. An 
almost-full flag is set high by the second low-to-high transition of CLKA after the FIFO read that reduces the 
number of words in memory to [1 024 - (Y + 1 )]. A low-to-high transition of CLKA begins the first synchronization 
cycle if it occurs at time t S |<(2), or greater, after the read that reduces the number of words in memory to 
[1 024 - (Y + 1 )]. Otherwise, the subsequent CLKA cycle can be the first synchronization cycle (see Figure 9). 

synchronous retransmit 

The synchronous retransmit feature of the SN74ACT3641 allows FIFO data to be read repeatedly starting at 
a user-selected position. The FIFO is first put into retransmit mode to select a beginning word and prevent 
on-going FIFO write operations from destroying retransmit data. Data vectors with a minimum length of three 
words can retransmit repeatedly starting at the selected word. The FIFO can be taken out of retransmit mode 
at any time and allow normal device operation. 

The FIFO is put in retransmit mode by a low-to-high transition on CLKB when the retransmit mode (RTM) input 
is high and OR is high. This rising CLKB edge marks the data present in the FIFO output register as the first 
retransmit data. The FIFO remains in retransmit mode until a low-to-high transition occurs while RTM is low. 

When two or more reads have been done past the initial retransmit word, a retransmit is initiated by a low-to-high 
transition on CLKB when the read-from-mark (RFM) input is high. This rising CLKB edge shifts the first 
retransmit word to the FIFO output register and subsequent reads can begin immediately. Retransmit loops can 
be done endlessly while the FIFO is in retransmit mode. RFM must be low during the CLKB rising edge that takes 
the FIFO out of retransmit mode. 

When the FIFO is put into retransmit mode, it operates with two read pointers. The current read pointer operates 
normally, incrementing each time a new word is shifted to the FIFO output register and used by the OR and AE 
flags. The shadow read pointer stores the SRAM location at the time the device is put into retransmit mode and 
does not change until the device is taken out of retransmit mode. The shadow read pointer is used by the IR 
and AF flags. Data writes can proceed while the FIFO is in retransmit mode, but AF is set low by the write that 
stores (1 024 - Y) words after the first retransmit word. The IR flag is set low by the 1 024th write after the first 
retransmit word. 

When the FIFO is in retransmit mode and RFM is high, a rising CLKB edge loads the current read pointer with 
the shadow read-pointer value and the OR flag reflects the new level of fill immediately. If the retransmit changes 
the FIFO status out of the almost-empty range, up to two CLKB rising edges after the retransmit cycle are 
needed to switch AE high (see Figure 11)._The rising CLKB edge that takes the FIFO out of retransmit mode 
shifts the read pointer used by thejR and AF flags from the shadow to the current read pointer. If the change 
of read pointer used by IR and AF should cause one or both flags to transition high, at least two CLKA 
synchronizing cycles are needed before the flags reflect the change. A rising CLKA edge after the FIFO is taken 
out of retransmit mode is the first synchronizing cycle of IR if it occurs at time t s W)> or greater, after the rising 
CLKB edge (see FigureJ2). A rising CLKA edge after the FIFO is taken out of retransmit mode is the first 
synchronizing cycle of AF if it occurs at time t S |<(2), or greater, after the rising CLKB edge (see Figure 14). 
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mailbox registers 

Two 36-bit bypass registers are on the SN74ACT3641 to pass command and control information between port A 
and port B. The mailbox-select (MBA, MBB) inputs choose between a mail register and a FIFO for a port data 
transfer opera tion. A lowjo-high transition on CLKA writes AO- A35 data to the mail 1 register when a port A write 
is selected by CSA, W/RA, and ENA with MBA hig h. A lo w-to-high transition on CLKB writes B0-B35 data to 
the mail2 register when a port-B writ e is sel ec ted by C SB, W/RB, and ENB with MBB high. Writing data to a mail 
register sets its corresponding flag (MBF1 or MBF2) low. Attempted writes to a mail register are ignored while 
its mail flag is low. 

When the port-B data (B0-B35) outputs are active, the data on the bus comes from the FIFO output register 
when the port-B mailbox select (MBB) input is low and from the main register when MBB is high. Mai l2 data 
is always present on the port-A data (A0-A35) outputs when they are active. Th e maih register flag (MBF1) 
is set high by a low-to-high transiti on on C LKB when a port-B read is selected by CSB, W/RB, and ENB with 
MBB high. Th e mai !2 register flag (MBF2) is set high by a low-to-high transition on CLKA when a port-A read 
is selected by CSA, W/RA, and ENA with MBA high. The data in a mail register remains intact after it is read 
and changes only when new data is written to the register. 




RST 
FS1, FSO 



tpd(C-IR) b *j j tpd(C-IR) |+- J 



^ssssssnsssssssssssss 



OR 



AE 



AF 



I t p d(C-OR) I* *j 



tpd(R-F) 



l pd(R-F) 



V/////////// 

tpd(R-F) N ^ 



MBF1, 
MBF2 



tzzzzzzzzzzZt 



Figure 1. FIFO Reset Loading X and Y With a Preset Value of Eight 
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CLKA 




rsi.reoSSSV 



tpd(C-IR) |* 



IR 



T 

tsu(EN1) |*~ <h(EN1) 



A0-A35 KXXXXXXXXXXX^^ 

AF Offset AE Offset First Word Stored In FIFO 
(Y) (X) 

NOTE A: CSA = L, W/RA = H, MBA = L. It is not necessary to program offset register on consecutive clock cycles. 

Figure 2. Programming the Almost-Full Flag and Almost-Empty Flag Offset Values From Port A 



CLKA 




tsu(FS) j+H 

FS1/SEN 



th(SP) ■ 



' th(SEN) 



<h(SEN) 



tsu(SEN) M I *su(SEh0|4-H | 

su(FS) pa U-t h(F S) t su ( S D)M I ^(SDJI^-J | 



FSO/SD '////f 



AF Offset AE Offset 

(Y) MSB (X)LSB 

NOTE A: It is not necessary to program offset register bits on consecutive clock cycles. FIFO write attempts are ignored until IR is set high. 



Figure 3. Programming the Almost-Full Flag and Almost-Empty Flag Offset Values Serially 
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Figure 4. FIFO Write-Cycle Timing 
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Figure 5. FIFO Read-Cycle Timing 
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CLKA 



CSA Low 




W/RA High ■ , 

*su(EN2) j 4 !} 



th(EN2) 

V//////////////////////////////////////////////, 



ENA 



tsu(EN1) fEj 



k- *h(EN1) 



,R High t S u(D)f^ 
A0-A35 



CLKB 
OR 




Old Data in FIFO Output Register 



2 \ / 3 
tpd(C-OR) |« H 



CSB Low 



\ tpd(C-OR) 



W/RB High 
MBB Low 



~ I tsu(EN1)!W=S ^(ENlT 



B0-B35 



Old Data in FIFO Output Register 



W1 



tsk<1 ) is the minimum time between a rising CLKA edge and a rising CLKB edge for OR to transition high and to clock the next word to the FIFO 
output register in three CLKB cycles. If the time between the rising CLKA edge and rising CLKB edge is less than t S k(i ), the transition of OR high 
and the first word load to the output register can occur one CLKB cycle later than shown. 



Figure 6. OR-Flag Timing and First-Data- Word Fallthrough When the FIFO Is Empty 
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S 
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t c 
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tpd(C-IR) |* 



iH tpd(C-IR) 



CSA Low 
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z 



ENA 



A0-A35 



tsu(EN1) r* — «*+| *h(EN1) 

yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy) \ Iwwwwwwk 




T tsk(1 ) is tne minimum time between a rising CLKB edge and a rising CLKA edge for IR to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than t s k(i), IR can transition high one CLKA cycle later than shown. 



Figure 7. 1 R- Flag Timing and First Available Write When the FIFO Is Full 
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clka f — \ f—\_/ — \ / — — s r 

t su( ENi)k^ r~' h(ENi) 

ENA j>/////F^\\*XX\ 

1«-tsk(2)t-*l 

clkb ~~ \ / — \_Jn — s n — \ / — \_/ 



_ tpd(OAE) j* M «pd(C-AE) N » | 

AE X Words In FIFO J ^(X ♦ 11 Words In FIFO \_ 

«su ( eni)^h r th(ENi) 

enb IVvWVW 

t t s k(2) is the minimum time between a rising CLKA edge and a rising CLKB edge for AE to transition high in the next CLKB cycle. If the time between 

the rising CLKA edg e and rising CLKB edge is less than t s k(2), AE ca n transition high one CLKB cycle later than shown. 
NOTE A: FIFO write (CSA = L, W/RA = H, MBA = L), FIFO read (CSB = L, W/RB = H, MBB = L) 

Figure 8. Timing for AE When FIFO Is Almost Empty 



!*- t sk(2 )t -+| 

clka / \ r— \ r ~\\ /t— \ /r v 
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AF [1024 -(Y + 1)] Words in FIFO V 0 024 -Y) Words In FIFO 



1 

CLKB 



ENB 



/ — S / — S — \_v — \ r 

«su(EN1) |«-=8| \*~ * n (EN1) 
^ 



T t sk(2) is the minimum time between a rising CLKA edge and a rising CLKB edge for AF to transition high in the next CLKA cycle. If the time between 

the rising CLKB edg e and rising CLKA edge is less than t S k(2), AF ca n transition high one CLKA cycle later than shown. 
NOTE A: FIFO write (CSA = L, W/RA = H, MBA = L), FIFO read (CSB = L, W/RB = H, MBB = L) 

Figure 9. Timing for AF When FIFO Is Almost Full 
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B0-B35 
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Initiate Retransmit Mode 
With WO as First Word 
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W2 



wo 
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Selected Position 



End Retransmit 
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W1 



NOTE A: CSB = L, W/RB = H, MBB = L. No input enables other than RTM and RFM are needed to control retransmit mode or begin a retransmit. 
Other enables are shown only to relate retransmit operations to the FIFO output register. 

Figure 10. Retransmit Timing Showing Minimum Retransmit Length 
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*\- tpd(C-AE) 
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NOTE A: X is the value loaded in the almost-empty flag offset register. 

Figure 11. AE Maximum Latency When Retransmit Increases the Number of Stored Words Above X 
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k~ tsk(i) 1 * ~H 

clka \ / f\ _jn \ n S / S / 

tpd(c-iR) f H 



I 



IR FIFO Filled to First Retransmit Word / One or More Write Locations Available 

I 

clkb / — \_J — s r — \_/ — s / — \_ 

tsu(RM) N » l« » l *h(RM) 

*™ ^ tem 

t t S k(-| ) is the minimum time between a rising CLKB edge and a rising CLKA edge for I R to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than t S k(i), IR can transition high one CLKA cycle later than shown. 

Figure 12. IR Timing From the End of Retransmit Mode When One or More Write Locations Are Available 

N- tsk(2)t -H 

a-™ — s r — f\ /i — s n — \ / s r 

I tpd(C-AE) f H 

(1 024 - Y) or More Words Past First Retransmit Word J f (Y + p or More Write Locations Available 

I 

CLKB / -\ f \ / S / \ / S 



tsu(RM) \< — ^ th(RM) 



t t S k(2) is the minimum time between a rising CLKB edge and a rising CLKA edge for AF to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than t S k(2), AF can transition high one CLKA cycle later than shown. 



NOTE A: Y is the value loaded in the almost-full flag offset register. 



Figure 13. AF Timing From the End of Retransmit Mode When (Y + 1) 
or More Write Locations Are Available 
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Figure 14. Timing for MaiM Register and MBF1 Fiag 
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Figure 15. Timing for Mall2 Register and MBF2 Flag 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc V to 7 V 

Input voltage range, V| (see Note 1) -0.5 V to Vcc + 0.5 V 

Output voltage range, Vq (see Note 1 ) -0.5 V to Vcc + 0.5 V 

Input clamp current, I|k (V| < 0 or V| > Vcc) ±20 mA 

Output clamp current, Iqk ( v O < 0 or Vq > Vcc) ±50 mA 

Continuous output current, Iq (Vo = 0 to Vcc) ±50 mA 

Continuous current through Vcc or GND ±400 mA 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T s t g -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output voltage ratings may be exceeded provided the input and output current ratings are observed. 



recommended operating conditions 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


v 


V|L 


Low-level input voltage 


0.8 


V 


'OH 


High-level output current 


_ 4 


mA 


lOL 


Low-level output current 


8 


mA 


T A 


Operating free-air temperature 


0 


70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


VOH 


Vcc = 4-5 V, Ioh = -4 rnA 


2.4 


V 


vol 


Vcc = 4.5 V, Iol = 8 mA 


0.5 


V 


ii 


Vcc = 5.5 V, V| = Vccor0 


±5 


uA 


ioz 


Vcc = 5.5 V, V O = V C Cor0 


±5 


MA 


'cc 


Vcc = 5.5 V, V| = Vcc -0.2 V or 0 


400 


ma 


AI C C § 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


CSA = V| H 


A0-A35 


0 


mA 


CSB = V| H 


B0-B35 


0 


CSA = V| L 


A0-A35 


1 


CSB = V||_ 


B0-B35 


1 


All other inputs 


1 




V| = 0, f = 1 MHz 


4 


PF 


C 0 


Vo = 0, f = 1 MHz 


8 


PF 



* All typical values are at Vcc = 5 V, Ta = 25°C. 

§ This is the supply current when each input is at one of the specified TTL voltage levels rather than 0 V or Vcc- 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 15) 





'ACT3641-15 


ACT3641-20 


ACT3641-30 


1 IKIIT 
UINI 1 


MIN MAX 


MIN MAX 


MIN MAX 


f clock Clock frequency, CLKA or CLKB 


66.7 


50 


33.4 


MHz 


t c Clock cycle time, CLKA or CLKB 


15 


20 


30 


ns 


tw(CH) Pu,se duration, CLKA and CLKB high 


6 


8 


12 


ns 


*w(CL) Pulse duration, CLKA and CLKB low 


6 


8 


12 


ns 


tsu(D) Setup time, A0-A35 before CLKAt and B0-B35 before CLKBt 


5 


6 


7 


ns 


*su(EN1) Setup time, ENA to CLKAT; ENB to CLKBt 


5 


6 


7 


ns 


Setup time, CSA, W/RA, and MBA to CLKAt; 
*su(EN2) CSB> W/RB> and |s/|BB to CLKBt 


7 


7.5 


8 


ns 


*su(RM) Setup time, RTM and RFM to CLKBt 


6 


6.5 


7 


ns 


tsu(RS) Setup time, RST low before CLKAt or CLKBtt 


5 


6 


7 


ns 


tsu(FS) Setup time, FSO and FS1 before RST high 


9 


10 


11 


ns 


tsuCSD)* Setup time, FSO/SD before CLKAt 


5 


6 


7 


ns 


tsu(SEN)* Setup time, FS1/SEN before CLKAt 


5 


6 


7 


ns 


th(D) Hold time, A0-A35 after CLKAt and B0-B35 after CLKBt 


0 


0 


0 


ns 


tn(EN1) Hold time, ENA after CLKAt; ENB after CLKBt 


0 


0 


0 


ns 


Hold time, CSA, W/RA, and MBA after CLKAt; 
tn(EN2) CSB( W/RB> and MBB after clkbT 


o 


0 


0 


ns 


tn(RM) Hold time, RTM and RFM after CLKBt 


0 


0 


0 


ns 


th(RS) Hold time, RST low after CLKAt or CLKBt t 


5 


6 


7 


ns 
ns 


*h(FS) Hold time, FSO and FS1 after RST high 


0 


0 


0 


th(SP)* Hold time ' FS1/SEN high after RST high 


0 


0 


0 


ns 


t n (SD)* Hold time, FSO/SD after CLKAt 


0 


0 


0 


ns 


th(SEN)* Hold time, FS1/SEN after CLKAt 


0 


0 


0 


ns 


tsk(1)§ Skew time between CLKAt and CLKBt for OR and IR 


9 


11 


13 


ns 


*sk(2)§ Skew time between CLKAt and CLKBt for AE and AF 


12 


16 


20 


ns 



t Requirement to count the clock edge as one of at least four needed to reset a FIFO 
* Only applies when serial load method is used to program flag-offset registers 

§ Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between CLKA cycle and 
CLKB cycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 30 pF (see Figures 1 through 15) 



PARAMETER 


ACT3641-15 


'ACT3641-20 


ACT3641-30 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


'clock 


uiock Trequency, uli\a or uli\d 


66.7 


50 


33.4 


MM-7 

(VI nZ 


ta 


Access time, CLKBT to B0-B35 


3 


11 


3 


13 


3 


15 


ns 


tpd(C-IR) 


Propagation delay time, CLKAT to IR 


1 


8 


1 


10 


1 


12 


ns 


tpd(C-OR) 


Propagation delay time, CLKBT to OR 


1 


8 


1 


10 


1 


12 


ns 


tpd(C-AE) 


Propagation delay time, CLKBT to AE 


1 


8 


1 


10 


1 


12 


ns 


tpd(C-AF) 


Propagation delay time, CLKAT to AF 


1 


8 


1 


10 


1 


12 


ns 


tpd(C-MF) 


Propagation delay time, CLKAT to MBF1 low or MBF2 high and 
CLKBT to MBF2 low or MBFT high 


0 


8 


0 


10 


0 


12 


ns 


tpd(C-MR) 


Propagation delay time, CLKAT to B0-B35T and CLKBT to 
A0-A35* 


3 


13.5 


3 


15 


3 


17 


ns 


tpd(M-DV) 


Propagation delay time, MBB to B0-B35 valid 


3 


13 


3 


15 


3 


17 


ns 


tpd(R-F) 


Propagation delay time, RST low to AE low and AF high 


1 


15 


1 


20 


1 


30 


ns 


ten 


Enable time, CSA and W/RA low to A0-A35 active and CSB low 
and W/RB high to B0-B35 active 


2 


12 


2 


13 


2 


14 


ns 


tdis 


Disable time, CSA or W/RA high to A0-A35 at high impedance 
and CSB high or W/RB low to B0-B35 at high impedance 


1 


8 


1 


10 


1 


11 


ns 



t Writing data to the main register when the B0-B35 outputs are active and MBB is high 
$ Writing data to the mai!2 register when the AO- A35 outputs are active and MBA is high 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 11-51 



SN74ACT3641 
1024 x 36 

CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS338B - JANUARY 1 994 - REVISED SEPTEMBER 1 995 



TYPICAL CHARACTERISTICS 



SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 
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250 


fdata = 1/2 'f C |ock ' 
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Cl = 0 pF 


v cc 


= 5.5V 




200 
150 
100 
50 
0 






vcc 


= 5 


















vcc = 


4.5 V 































0 10 20 30 40 50 60 70 
'clock - Clock Frequency - MHz 
Figure 16 

calculating power dissipation 

The 'ccff) current in Figure 16 was taken while simultaneously reading and writing the FIFO on the 
SN74ACT3641 with CLKA and CLKB set to f C lock- A " data inputs and data outputs change state during each 
clock cycle to consume the highest supply current. Data outputs are disconnected to normalize the graph to a 
zero-capacitance load. Once the capacitive load per data-output channel and the number of SN74ACT3641 
inputs driven by TTL high levels are known, the power dissipation can be calculated with the equation below. 

With lcc(f) taken from Figure 1 6, the maximum power dissipation (Pj) of the SN74ACT3641 can be calculated 
by: 



PT - V CC x UcC(f) + (N x Alec * dc)] + I(C L x V cc 2 x f 0 ) 



where: 




N 


= number of inputs driven by TTL levels 


A| cc 


= increase in power supply current for each input at a TTL high level 


dc 


= duty cycle of inputs at a TTL high level of 3.4 V 


C L 


= output capacitive load 


fo 


= switching frequency of an output 



When no reads or writes are occurring on the SN74ACT3641 , the power dissipated by a single clock (CLKA 
or CLKB) input running at frequency f 0 lock is calculated by: 

PT = Vcc x fciock x 0-29 mA/MHz 
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PARAMETER MEASUREMENT INFORMATION 

5V 



From Output 
Under Test 



680 ft 



1.1 kft 



30 pF 

(see Note A) 
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NOTE A: Includes probe and jig capacitance 

Figure 17. Load Circuit and Voltage Waveforms 
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• Free-Running CLKA and CLKB Can Be 
Asynchronous or Coincident 

• Clocked FIFO Buffering Data From Port A 
to Port B 

• Synchronous Read-Retransmit Capability 

• Mailbox Register in Each Direction 

• Programmable Almost-Full and 
Almost-Empty Flags 

• Microprocessor Interface Control Logic 

• Input-Ready (IR) and Almost-Full (AF) Flags 
Synchronized by CLKA 

description 



• Output-Ready (OR) and Almost-Empty (AE) 
Flags Synchronized by CLKB 

• Low-Power 0.8-Micron Advanced CMOS 
Technology 

• Supports Clock Frequencies up to 67 MHz 

• Fast Access Times of 11 ns 

• Pin-to-Pin Compatible With the 
SN74ACT3631 and SN74ACT3641 

• Available in Space-Saving 120-Pin Thin 
Quad Flat (PCB) and 132-Pin Plastic Quad 
Flat (PQ) Packages 



The SN74ACT3651 is a high-speed, low-power, CMOS clocked FIFO memory that supports clock frequencies 
up to 67 MHz and has read access times as fast as 12 ns. The 2048 x 36 dual-port SRAM FIFO buffers data 
from port A to port B. The FIFO memory has retransmit capability, which allows previously read data to be 
accessed again. The FIFO has flags to indicate empty and full conditions and two programmable flags (almost 
full and almost empty) to indicate when a selected number of words is stored in memory. Communication 
between each port can take place with two 36-bit mailbox registers. Each mailbox register has a flag to signal 
when new mail has been stored. Two or more devices can be used in parallel to create wider datapaths. 
Expansion is also possible in word depth. 

The SN74ACT3651 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable 
signals. The continuous clocks for each port are independent of one another and can be asynchronous or 
coincident. The enables for each port are arranged to provide a simple interface between microprocessors 
and/or buses with synchronous control. 

The input-ready (I R) flag and almost-full (AF) flag of the FIFO are two-stage synchronized to CLKA. The 
output-ready (OR) flag and almost-empty (AE) flag of the FIFO are two-stage synchronized to CLKB. Offset 
values for the almost-full and almost-empty flags of the FIFO can be programmed from port A or through a serial 
input. 

The SN74ACT3651 is characterized for operation from 0°C to 70°C. 

For more information on this device family, see the application reports FIFO Patented Synchronous Retransmit: 
Programmable DSP-Interface Application for FIR Filtering and FIFO Mailbox-Bypass Registers: Using Bypass 
Registers to Initialize DMA Control in the 1996 High-Performance FIFO Memories Designer's Handbook, 
literature number SCAA012A. 
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functional block diagram 
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Terminal Functions 



TERMINAL 
NAME 


I/O 


nFQfiRIPTIftN 
ucovnir I ivji>i 


A0-A35 


I/O 


Port-A data. The 36-bit bidirectional data port for side A. 


AE 


0 


Almost-empty flag. Programmable flag synchronized to CLKB. AE is low when the number of words in the FIFO is less 
than or equal to the value in the almost-empty offset register (X). 


AF 


0 


Almost-full flag. Programmable flag synchronized to CLKA. AF is low when the number of empty locations in the FIFO 
is less than or equal to the value in the almost-full offset register (Y). 


B0-B35 


I/O 


Port-B data. The 36-bit bidirectional data port for side B. 


CLKA 




Port-A clock. CLKA is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to CLKB. IR and AF are synchronous to the low-to-high transition of CLKA. 


CLKB 




Port-B clock. CLKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
or coincident to CLKA. OR and AE are synchronous to the low-to-high transition of CLKB. 


CSA 




Port-A chip select. CSA must be low to enable a low-to-high transition of CLKA to read or write data on port A. The 
A0-A35 outputs are in the high-impedance state when CSA is high. 


CSB 




Port-B chip select. CSB must be low to enable a low-to-high transition of CLKB to read or write data on port B. The 
B0-B35 outputs are in the high-impedance state when CSB is high. 


ENA 




Port-A ma^tpr pnahlp FNA mii^t hp hinh tn pnahlp a low-tn-hinh transition nf CI KA tn rparl or writp riata nn nnrt A 


ENB 




Port-B master enable. ENB must be high to enable a low-to-high transition of CLKB to read or write data on port B. 


FS1/SEN, 
FSO/SD 


I 


Flag-offset select 1 /serial enable, flag-offset select 0/serial data. FS1/SEN and FSO/SD are dual-purpose inputs used 
for flag-offset-register programming. During a device reset, FS1/SEN and FSO/SD select the flag-offset programming 
method. Three offset-register programming methods are available: automatically load one of two preset values, parallel 
load from port A, and serial load. 

When serial load is selected for flag-offset-register programming, FS1/SEN is used as an enable synchronous to the 

ln\A/-tr\-hinh tranci+inn nf C*.\ I^A \A/han PQ1 /CPM ie \r\\ki o rieinn orino nri 1 l^A lnan"e tho Kit nrocont nn CQO/QR in+n the* 

low-iu nign lieu louiuii ui v«/Lr\M. vviibii ro i/ocin is low, a rising euge on oli\m luaub ine on preseru on rou/ou iniu ine 

X and Y offset registers. The number of bit writes required to program the offset registers is 22. The first bit write stores 
the Y-register MSB and the last bit write stores the X-register LSB. 


IR 


0 


1 nni if-TOonS/ f ! n ID io c\/n^hi^Ani7arl +n lha I/mjii +n hin h +mi^oi+ir\r» r\i r*l \C A \A/hnn ID Invar 4*ho CI io f i ill on/^ \A#ri+Ao +n 

inpui-reauy nay. in is synenromzeu io ine low-io-nign Transition 01 oli\m. vvnen in is low, me riru is tun ana writes 10 
its array are disabled. When the FIFO is in retransmit mode, IR indicates when the memory has been filled to the point 
of the retransmit data and prevents further writes. IR is set low during reset and is set high after reset. 


MBA 


I 


rUil n 1 1 IdllUUA oclcOl. r\ Iliyil lt?Vcl Ull iVIDM OilUUofcJo d iTIdllUUX icyioltJl lOl d \JU\ I n icdU Oi Wilic UptJidllUll. 


MBB 


I 


Port-B mailbox select. A high level on MBB chooses a mailbox register for a port-B read or write operation. When the 
B0-B35 outputs are active, a high level on MBB selects data from the main register for output and a low level selects 

FIFO riatfl for niitmit 


mbfT 


0 


Mail! register flag. MB FT is set low by the low-to-high transition of CLKA that writes data to the rnaih register. MBF1 

ic cot hinh hw a ln\A/_tn_hinh traneitinn nf f~*l l^R \«/hon n r\nr+_R kqqH io cola^taH onrl K/1RR io hinh |c e*ai hinh hw o 

is oei niyn uy a luw-iu-niyn uansiiiun ui oli\d wnen a pon-D reaa is seieciecj ana ividd is nign. mdi i is sex nign Dy a 
reset. 


MBF2 


0 


MailQ ronictor* flan ic cot ln\Jk/ h\/ tho lr»\*;_+r>_hirih troncitinn nf Ol If R thot tA/rifoo Hoto fn tho moilO raniotAr KilDCO 

iviaii^ itsyioitJi nay. iviDr<!i is sex low t>y ine low-io-nign iransmon 01 OLr\D max writes aaia 10 ine maii^ register. MCJr^i 
is set high by a low-to-high transition of CLKA when a port-A read is selected and MBA is high. MBF2 is set high by a 
reset. 


OR 


0 


Output-ready flag. OR is synchronized to the low-to-high transition of CLKB. When OR is low, the FIFO is empty and 
reads are disabled. Ready data is present in the output register of the FIFO when OR is high. OR is forced low during 
the reset and goes high on the third low-to-high transition of CLKB after a word is loaded to empty memory. 


RFM 


I 


Read from mark. When the FIFO is in retransmit mode, a high on RFM enables a low-to-high transition of CLKB to reset 
the read pointer to the beginning retransmit location and output the first selected retransmit data. 


RST 


I 


Reset. To reset the device, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur 
while RST is low. The low-to-high transition of RST latches the status of FSO and FS1 for AF and AE offset selection. 


RTM 


I 


Retransmit mode. When RTM is high and valid data is present in the FIFO output register (OR is high), a low-to-high 
transition of CLKB selects the data for the beginning of a retransmit and puts the FIFO in retransmit mode. The selected 
word remains the initial retransmit point until a low-to-high transition of CLKB occurs while RTM is low, taking the FIFO 
out of retransmit mode. 
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Terminal Functions (Continued) 



TERMINAL 
NAME 


I/O 


DESCRIPTION 


W/RA 


I 


Port-A write/read select. A high on W/RA selects a write operation and a low selects a read operation on port A for a 
low-to-high transition of CLKA. The A0-A35 outputs are in the high-impedance state when W/RA is high. 


W/RB 


I 


Port-B write/read select. A low on W/RB selects a write operation and a high selects a read operation on port B for a 
low-to-high transition of CLKB. The B0-B35 outputs are in the high-impedance state when W/RB is low. 



detailed description 
reset 

The SN74ACT3651 is reset by taking the reset (RST) input low for at least four port-A clock (CLKA) and four 
port-B clock (CLKB) low-to-high transitions. The reset input can switch asynchronously to the clocks. A reset 
initializes the memory read and write pointers and forces the input-ready (IR) flag low, the output-ready (OR) 
flag high, the alm ost-empty (AE ) flag low, and the almost-full (AF) flag high. Resetting the device also forces 
the mailbox flags (MBF1 , MBF2) high. After a FIFO is reset, IR is set high after at least two clock cycles to begin 
normal operation. A FIFO must be reset after power up before data is written to its memory. 

almost-empty flag and almost-full flag offset programming 

Two registers in the SN74ACT3651 are used to hold the offset values for the almost-empty and almost-full flags. 
The almost-empty (AE) flag offset register is labeled X, and the almost-full (AF) flag offset register is labeled Y. 
The offset registers can be loaded with a value in three ways: one of two preset values are loaded into the offset 
registers, parallel load from port A, or serial load. The offse t-regi ster-programming mode is chosen by the flag 
select (FS1 , FSO) inputs during a low-to-high transition on RST (see Table 1). 



Table 1. Flag Programming 



FS1 


FSO 


RST 


X AND Y REGISTERSt 


H 


H 


t 


Serial load 


H 


L 


T 


64 


L 


H 


t 


8 


L 


L 


T 


Parallel load from port A 



t X registerjiolds the offset for AE; Y register holds the 
offset for AF. 



preset values 

If a preset value of 8 or 64 is chosen by FS1 and FSO at the time of a RST low-to-high transition according to 
Table 1 , the preset value is automatically loaded into the X and Y registers. No other device initialization is 
necessary to begin normal operation, and the IR flag is set high after two low-to-high transitions on CLKA. 

parallel load from port A 

To program theX and Y registers from port A, the device is reset with FSO and FS1 low during the low-to-high 
transition of RST. After this reset is complete, the IR flag is set high after two low-to-high transitions on CLKA. 
The first two writes to the FIFO do not store data in its memory but load the offset registers in the order Y, X. 
Each offset register of the SN74ACT3651 uses port-A inputs (A10-A0). The highest number input is used as 
the most significant bit of the binary number in each case. Each register value can be programmed from 1 to 
2044. After both offset registers are programmed from port A, subsequent FIFO writes store data in the SRAM. 
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serial load 

To program the X and Y re gisters serially, the device is reset with FSO/SD and FS1/SEN high during the 
low-to-high transition of RST. After this reset is complete, the Xan d Y register values are loaded bitwise through 
FSO/SD on each low-to-high transition of CLKA that FS1/SEN is low. Twenty-two-bit writes are needed to 
complete the programming. The first-bit write stores the most significant bit of the Y register and the last-bit write 
stores the least significant bit of the X register. Each register value can be programmed from 1 to 2044. 

When the option to program the offset registers serially is chosen, the input-ready (IR) flag remains low until 
all register bits are written. The IR flag is set high by the low-to-high transition of CLKA after the last bit is loaded 
to allow normal FIFO operation. 

FIFO write/read operation 

The state of the portM data (A0-A35) outputs is controlled by the port-A chip select (CSA ) and the p_ort-A 
write/read select (W/RA). The A0-A35 outputs a re in the highnmpedance state when either CSA or W/RA is 
high. The A0-A35 outputs are active when both CSA and W/RA are low. 

Data is loaded into the FIFO from the A0-A35 inputs on a low-to-high transition of CLKA when CSA and the 
port-A mailbox select (MBA) are low, W/RA, the port-A enable (ENA), and the input-ready (IR) flag are high 
(see Table 2). Writes to the FIFO are independent of any concurrent FIFO reads. 



Table 2. Port-A Enable Function Table 



CSA 


W/RA 


ENA 


MBA 


CLKA 


A0-A35 OUTPUTS 


PORT FUNCTION 


H 


X 


X 


X 


X 


In high-impedance state 


None 


L 


H 


L 


X 


X 


In high-impedance state 


None 


L 


H 


H 


L 


t 


In high-impedance state 


FIFO write 


L 


H 


H 


H 


T 


In high-impedance state 


MaiH write 


L 


L 


L 


L 


X 


Active, mail2 register 


None 


L 


L 


H 


L 


T 


Active, mail2 register 


None 


L 


L 


L 


H 


X 


Active, mail2 register 


None 


L 


L 


H 


H 


T 


Active, mai!2 register 


Mail2read (set MBF2 high) 



The port-B control signals are identical to those of port A with the exception that the port-B write/read select 
(W/RB) is the inverse of the port-A write/re ad select (W/RA). The state of theport-B data (B0-B35) outputs is 
controlled by the port-B chip select (CS B) an d the port-B write/read select (W/RB). The B0-B35 output s are 
in the high-impedance state when either CSB is high or W/RB is low. The BO- B35 outputs are active when CSB 
is low and W/RB is high. 

Data is read from the FIFO to its output register on a low-to-high transition of CLKB when CSB and the port-B 
mailbox select (MBB) are low, W/RB, the port-B enable (ENB), and the output-ready (OR) flag are high 
(see Table 3). Reads from the FIFO are independent of any concurrent FIFO writes. 
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Table 3. Port-B Enable Function Table 



CSB 


W/RB 


ENB 


MBB 


CLKB 


B0-B35 OUTPUTS 


PORT FUNCTION 


H 


X 


X 


X 


X 


In high-impedance state 


None 




L 


L 


X 


X 


In high-impedance state 


None 




L 


H 


L 


T 


In high-impedance state 


None 




L 


H 


H 


T 


In high-impedance state 


Mail2 write 




H 


L 


L 


X 


Active, FIFO output register 


None 




H 


H 


L 


T 


Active, FIFO output register 


FIFO read 




H 


L 


H 


X 


Active, maiH register 


None 




H 


H 


H 


T 


Active, maiH register 


Main read (set MBFT high) 
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The setup- and hold-time constraints to the port clocks for the port-chip selects and write/read selects are only 
for enabling write and read operations and are not related to high-impedance control of the data outputs. If a 
port enable is low during a clock cycle, the port-chip select and write/read select can change states during the 
setup- and hold-time window of the cycle. 

When OR is low, the next data word is sent to the FIFO output register automatically by the CLKB low-to-high 
transition that sets OR high. When OR is high, an availabl e data word is clocked to the FIFO output register only 
when a FIFO read is selected by the port-B chip select (CSB), write/read select (W/RB), enable (ENB), and 
mailbox select (MBB). 

synchronized FIFO flags 

Each FIFO flag is synchronized to its port clock through at least two flip-flop stages. This is done to improve the 
flags' reliability by reducing the probability of metastable events on their outputs when CLKA and CLKB operate 
asynchronously to one another (see the application report Metastability Performance of Clocked FIFOs in the 
1996 High-Performance FIFO Memories Data Book, literature number SCAD003C;. OR and AE are 
synchronized to CLKB. IR and AF are synchronized to CLKA. Table 4 shows the relationship of each flag to the 
number of words stored in memory. 

Table 4. FIFO Flag Operation 



NUMBER OF WORDS IN 
FIFOt* 


SYNCHRONIZED 
TO CLKB 


SYNCHRONIZED 
TO CLKA 


OR 


AE 


AF IR 


0 


L 


L 


H H 


1 toX 


H 


L 


H H 


(X + 1)to[2048-(Y + 1)] 


H 


H 


H H 


(2048 -Y) to 2047 


H 


H 


L H 


2048 


H 


H 


L L 



t X is the almost-empty offset for AE. Y is the almost-full offset for AF. 
t When a word is present in the FIFO output register, its previous memory 
location is free. 
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output-ready flag (OB) 

The output-ready flag of a FIFO is synchronized to the port clock that reads data from its array (CLKB). When 
OR is high, new data is present in the FIFO output register. When OR is low, the previous data word is present 
in the FIFO output register and attempted FIFO reads are ignored. 

A FIFO read pointer is incremented each time a new word is clocked to its output register. The state machine 
that controls an output-ready flag monitors a write-pointer and read-pointer comparator that indicates when the 
FIFO SRAM status is empty, empty+1 , or empty+2. From the time a word is written to a FIFO, it can be shifted 
to the FIFO output register in a minimum of three cycles of CLKB; therefore, an output-ready flag is low if a word 
in memory is the next data to be sent to the FIFO output register and three CLKB cycles have not elapsed since 
the time the word was written. The output-ready flag of the FIFO remains low until the third low-to-high transition 
of CLKB occurs, simultaneously forcing the output-ready flag high and shifting the word to the FIFO output 
register. 

A low-to-high transition on CLKB begins the first synchronization cycle of a write if the clock transition 
occurs at time \ S k{i)> or greater, after the write. Otherwise, the subsequent CLKB cycle can be the first 
synchronization cycle (see Figure 6). 

input-ready flag (IR) 

The input-ready flag of a FIFO is synchronized to the port clock that writes data to its array (CLKA). When the 
input-ready flag is high, a memory location is free in the SRAM to write new data. No memory locations are free 
when the input-ready flag is low and attempted writes to the FIFO are ignored. 

Each time a word is written to a FIFO, its write pointer is incremented. The state machine that controls an 
input-ready flag monitors a write-pointer and read-pointer comparator that indicates when the FIFO SRAM 
status is full, full — 1 , or full— 2. From the time a word is read from a FIFO, its previous memory location is ready 
to be written in a minimum of three cycles of CLKA; therefore, an input-ready flag is low if less than two cycles 
of CLKA have elapsed since the next memory write location has been read. The second low-to-high transition 
on CLKA after the read sets the input-ready flag high, and data can be written in the following cycle. 

A low-to-high transition on CLKA begins the first synchronization cycle of a read if the clock transition 
occurs at time t S k(i), or greater, after the read. Otherwise, the subsequent CLKA cycle can be the first 
synchronization cycle (see Figure 7). 

almost-empty flag (AE) 

The almost-empty flag of a FIFO is synchronized to the port clock that reads data from its array (CLKB). The 
state machine that controls an almost-empty flag monitors a write-pointer and read-pointer comparator that 
indicates when the FIFO SRAM status is almost empty, almost empty+1 , or almost empty+2. The almost-empty 
state is defined by the contents of register X. This register is loaded with a preset value during a FIFO reset, 
programmed from port A, or programmed serially (see almost-empty flag and almost-full flag offset 
programming). The almost-empty flag is low when the FIFO contains X or less words and is high when the FIFO 
contains (X + 1) or more words. A data word present in the FIFO output register has been read from memory. 

Two low-to-high transitions of CLKB are required after a FIFO write for the almost-empty flag to reflect the new 
level of fill; therefore, the almost-empty flag of a FIFO containing (X + 1 ) or more words remains low if two cycles 
of CLKB have not elapsed since the write that filled the memory to the (X + 1 ) level. An almost-empty flag is set 
high by the second low-to-high transition of CLKB after the FIFO write that fills memory to the (X + 1) level. 
A low-to-high transition of CLKB begins the first synchronization cycle if it occurs at time t S |<(2), or greater, after 
the write that fills the FIFO to (X + 1) words. Otherwise, the subsequent CLKB cycle can be the first 
synchronization cycle (see Figure 8). 
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almost-full flag (AF) 

The almost-full flag of a FIFO is synchronized to the port clock that writes data to its array (CLKA). The state 
machine that controls an almost-full flag monitors a write-pointer and read-pointer comparator that indicates 
when the FIFO SRAM status is almost full, almost full — 1 , or almost full— 2. The almost-full state is defined by 
the contents of register Y. This register is loaded with a preset value during a Fl FO reset, programmed from port 
A, or programmed serially (see almost-empty flag and almost-full flag offset programming). The almost-full flag 
is low when the number of words in the FIFO is greater than or equal to 2048 - Y). The almost-full flag is high 
when the number of words in the FIFO is less than or equal to [2048 - (Y + 1 )]. A data word present in the FIFO 
output register has been read from memory. 

Two low-to-high transitions of CLKA are required after a FIFO read for its almost-full flag to reflect the new level 
of fill. Therefore, the almost-full flag of a Fl FO containing [ 2048 - (Y + 1 )] or less words remains low if two cycles 
of CLKA have not elapsed since the read that reduced the number of words in memory to [2048 - (Y + 1 )]. An 
almost-full flag is set high by the second low-to-high transition of CLKA after the FIFO read that reduces the 
number of words in memory to [2048 - (Y+ 1 )]. A low-to-high transition of CLKA begins the first synchronization 
cycle if it occurs at time t S k(2)» or greater, after the read that reduces the number of words in memory to 
[2048 - (Y + 1 )]. Otherwise, the subsequent CLKA cycle can be the first synchronization cycle (see Figure 9). 

synchronous retransmit 

The synchronous-retransmit feature of the SN74ACT3651 allows FIFO data to be read repeatedly starting at 
a user-selected position. The FIFO is first put into retransmit mode to select a beginning word and prevent 
on-going FIFO write operations from destroying retransmit data. Data vectors with a minimum length of three 
words can retransmit repeatedly starting at the selected word. The FIFO can be taken out of retransmit mode 
at any time and allow normal device operation. 

The FIFO is put in retransmit mode by a low-to-high transition on CLKB when the retransmit-mode (RTM) input 
is high and OR is high. This rising CLKB edge marks the data present in the FIFO output register as the first 
retransmit data. The FIFO remains in retransmit mode until a low-to-high transition occurs while RTM is low. 

When two or more reads have been done past the initial retransmit word, a retransmit is initiated by a low-to-high 
transition on CLKB when the read-from-mark (RFM) input is high. This rising CLKB edge shifts the first 
retransmit word to the FIFO output register and subsequent reads can begin immediately. Retransmit loops can 
be done endlessly while the Fl FO is in retransmit mode. RFM must be low during the CLKB rising edge that takes 
the FIFO out of retransmit mode. 

When the FIFO is put into retransmit mode, it operates with two read pointers. The current read pointer operates 
normally, incrementing each time a new word is shifted to the FIFO output register and used by the OR and AE 
flags. The shadow read pointer stores the SRAM location at the time the device is put into retransmit mode and 
does not change until the device is taken out of retransmit mode. The shadow read pointer is used by the IR 
and AF flags. Data writes can proceed while the FIFO is in retransmit mode, but AF is set low by the write that 
stores (2048 - Y) words after the first retransmit word. The IR flag is set low by the 2048th write after the first 
retransmit word. 

When the FIFO is in retransmit mode and RFM is high, a rising CLKB edge loads the current read pointer with 
the shadow read-pointer value and the OR flag reflects the new level of fill immediately. If the retransmit changes 
the FIFO status out of the almost-empty range, up to two CLKB rising edges after the retransmit cycle are 
needed to switch AE high (see Figure 11)._The rising CLKB edge that takes the FIFO out of retransmit mode 
shifts the read pointer used by theJR and AF flags from the shadow to the current read pointer. If the change 
of read pointer used by IR and AF should cause one or both flags to transition high, at least two CLKA 
synchronizing cycles are needed before the flags reflect the change. A rising CLKA edge after the FIFO is taken 
out of retransmit mode is the first synchronizing cycle of IR if it occurs at time W|), or greater, after the rising 
CLKB edge (see FigureJ2). A rising CLKA edge after the FIFO is taken out of retransmit mode is the first 
synchronizing cycle of AF if it occurs at time t S k(2)» or greater, after the rising CLKB edge (see Figure 14). 
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mailbox registers 

Two 36-bit bypass registers pass command and control information between port A and port B. The 
mailbox-select (MBA, MBB) inputs choose between a mail register and a FIFO for a port data transfer operation. 
A low -to-high transition on CLKA writes A0-A35 data to the main register when a port-A write is selected by 
CSA, W/RA, and ENA with MBA hi gh. A low-to-high transition on CLKB writes B0-B35 data to the mail2 register 
when a port-B write is sele cte d by C SB, W/RB, and ENB with MBB high. Writing data to a mail register sets its 
corresponding flag (MBF1 or MBF2) low. Attempted writes to a mail register are ignored while its mail flag is 
low. 

When the port-B data (B0-B35) outputs are active, the data on the bus comes from the FIFO output register 
when the port-B mailbox select (MBB) input is low and from the main register when MBB is high. Mai l2 data 
is always present on the port-A data (A0-A35) outputs when they are active. Th e main register flag (MBF1) 
is set high by a low-to-high transiti on on C LKB when a port-B read is selected by CSB, W/RB, and ENB with 
MBB high. Th e mai !2 register flag (MBF2) is set high by a low-to-high transition on CLKA when a port-A read 
is selected by CSA, W/RA, and ENA with MBA high. The data in a mail register remains intact after it is read 
and changes only when new data is written to the register. 




ktzzzzzzzzzz} 

_ tpd(R-F) N J 

a 

Figure 1. FIFO Reset Loading X and Y With a Preset Value of Eight 
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AE Offset First Word Stored in FIFO 
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NOTE A: CSA = L, W/RA = H, MBA = L. It is not necessary to program offset register on consecutive clock cycles. 

Figure 2. Programming the Almost-Full Flag and Almost-Empty Flag Offset Values From Port A 
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NOTE A: It is not necessary to program offset-register bits on consecutive clock cycles. FIFO write attempts are ignored until IR is set high. 

Figure 3. Programming the Almost-Full Flag and Almost-Empty Flag Offset Values Serially 
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Figure 4. FIFO Wrlte-Cycle Timing 
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Figure 5. FIFO Read-Cycle Timing 
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t t S k(-j ) is the minimum time between a rising CLKA edge and a rising CLKB edge for OR to transition high and to clock the next word to the FIFO 
output register in three CLKB cycles. If the time between the rising CLKA edge and rising CLKB edge is less than t s |<(i), then the transition of 
OR high and the first word load to the output register can occur one CLKB cycle later than shown. 



Figure 6. OR-Flag Timing and First-Data-Word Falithrough When the FIFO Is Empty 
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t t S k(i ) is the minimum time between a rising CLKB edge and a rising CLKA edge for I R to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than t s | < (-|) > then IR can transition high one CLKA cycle later than shown. 
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Figure 7. IR-Flag Timing and First Available Write When the FIFO Is Full 
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t t s k(2) is the minimum time between a rising CLKA edge and a rising CLKB edge for AE to transition high in the next CLKB cycle. If the time between 

the rising CLKA edg e and rising CLKB edge is less than t s |<(2), t hen A E cajrtransition high one CLKB cycle later than shown. 
NOTE A: FIFO write (CSA = L, W/RA = H, MBA = L), FIFO read (CSB - L, W/RB - H, MBB - L) 



Figure 8. Timing for AE When FIFO Is Almost Empty 
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m T t sk ( 2 ) is the minimum time between a rising CLKA edge and a rising CLKB edge for AF to transition high in the next CLKA cycle. If the time between 
^ the rising CLKB edg e and rising CLKA edge is less than t S k(2)» t hen A F canjransition high one CLKA cycle later than shown. 

^ NOTE A- FIFO write fCSA = I W/RA = H. MBA . I V FIFO reari ffifiR . I W/RR = H MRR - I \ 



NOTE A: FIFO write (CSA = L, W/RA - H, MBA . L), FIFO read (CSB . L, W/RB - H, MBB . L) 

Figure 9. Timing for AF When FIFO Is Almost Full 
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NOTE A: CSB = L, W/RB = H, MBB = L. No input enables other than RTM and RFM are needed to control retransmit mode or begin a retransmit. 
Other enables are shown only to relate retransmit operations to the FIFO output register. 



Figure 10. Retransmit Timing Showing Minimum Retransmit Length 
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NOTE A: X is the value loaded in the almost-empty flag offset register. 

Figure 11. AE Maximum Latency When Retransmit Increases the Number of Stored Words Above X 
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t t s k(-j ) is the minimum time between a rising CLKB edge and a rising CLKA edge for I R to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than t S k(i), then IR can transition high one CLKA cycle later than shown. 

Figure 12. IR Timing From the End of Retransmit Mode When One or More Write Locations Are Available 
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t t s |<(2) is the minimum time between a rising CLKB edge and a rising CLKA edge for AF to transition high in the next CLKA cycle. If the time between 

the rising CLKB edge and rising CLKA edge is less than t S |<(2), then AF can transition high one CLKA cycle later than shown. 
NOTE A: Y is the value loaded in the almost-full flag offset register. 

Figure 13. AF Timing From the End of Retransmit Mode When (Y + 1) 
or More Write Locations Are Available 
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Figure 14. Timing for MaiH Register and MBF1 Flag 
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Figure 15. Timing for Mail2 Register and MBF2 Flag 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc V to 7 V 

Input voltage range, V| (see Note 1) -0.5 V to Vcc + v 

Output voltage range, Vq (see Note 1) -0.5 V to Vcc + 0-5 V 

Input clamp current, I|k (V| < 0 or V| > Vcc) ±2 ° mA 

Output clamp current, Iqk ( v O < 0 or Vq > Vcc) ±50 mA 

Continuous output current, Iq (Vq = 0 to Vcc) ±50 mA 

Continuous current through Vcc or GND ±400 mA 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output voltage ratings may be exceeded provided the input and output current ratings are observed. 



recommended operating conditions 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


V 


V|L 


Low-level input voltage 


0.8 


v 


'OH 


High-level output current 


-4 


mA 


lOL 


Low-level output current 


8 


mA 


t a 


Operating free-air temperature 


0 


70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


VOH 


Vcc = 4 -5 V, lOH = ~ 4 mA 


2.4 


V 


vol 


Vcc = 4.5 V, Iol = 8 mA 


0.5 


V 


ii 


Vcc = 5.5 V, V| = Vccor0 


±5 


liA 


ioz 


Vcc = 5.5 V, V O = V C Cor0 


±5 


pA 


ice 


Vcc = 5.5V, V| = Vcc-0.2VorO 


400 


ma 


AlGC § 


Vcc - 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or G ND 


CSA = V| H 


A0-A35 


0 


mA 


CSB = V| H 


B0-B35 


0 


CSA = V| L 


A0-A35 


1 


CSB = V| L 


B0-B35 


1 


All other inputs 


1 


Cj 


V| = 0, f = 1 MHz 


4 


PF 


Co 


Vq = 0, f = 1 MHz 


8 


PF 



$ All typical values are at Vcc = 5 V, Ta = 25°C. 
§ This is the supply current when each input is at one of the specified TTL voltage levels rather than 0 V or Vcc- 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 15) 





ACT3651-15 


ACT3651-20 


ACT3651-30 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency, CLKA or CLKB 


66.7 


50 


33.4 


MHz 


t c Clock cycle time, CLKA or CLKB 


15 


20 


30 


ns 


WCH) Pu,se duration, CLKA and CLKB high 


6 


8 


12 


ns 


tw(CL) Pulse duration, CLKA and CLKB low 


6 


8 


12 


ns 


*su(D) Setu P time > A0-A35 before CLKA? and B0-B35 before CLKBt 


4 


5 


6 


ns 


Setup time, CSA, W/RA, ENA, and MBA before CLKAT; 
^su(EN) CSBf W/RB> ENB> MBB> RTM> and RFM before GLKB f 


4 


5 


6 


ns 


*su(RS) Setup tim e. RST low before CLKAt or CLKBtt 


5 


6 


7 


ns 
ns 


tsu(FS) Setup time, FSO and FS1 before RST high 


5 


6 


7 


t su(SD)* Setup time, FSO/SD before CLKAt 


4 


5 


6 


ns 


tsu(SEN)* Setup time, FS1/SEN before CLKAt 


4 


5 


6 


ns 


th(D) Hold time, A0-A35 after CLKAt and B0-B35 after CLKBt 


0 


0 


0 


ns 


Hold time, CSA, W/RA, ENA, and MBA after CLKAt; 
th(EN) CSB> w/RBj ENB> and MBB after CLKB <p 


0 


0 


0 


ns 


th(RS) Hold time, RST low after CLKAt or CLKBtt 


5 


6 


7 


ns 
ns 


th(FS) Hold time, FSO and FS1 after RST high 


2 


3 


3 


thfSP)* Hold time, FS1/SEN high after RST high 


15 


20 


30 


ns 


th(SD)* Hold time, FSO/SD after CLKAt 


0 


0 


0 


ns 


*h(SEN)* Hold time, FS1/SEN after CLKAt 


0 


0 


0 


ns 


*sk(1 )§ Skew time between CLKAt and CLKBt for OR and IR 


6 


8 


10 


ns 


*sk(2)§ Skew time between CLKAt and CLKBt for AE and AF 


12 


16 


20 


ns 



t Requirement to count the clock edge as one of at least four needed to reset a FIFO 
$ Only applies when serial load method used to program flag offset registers 

§ Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between CLKA cycle and 
CLKB cycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 30 pF (see Figures 1 through 15) 



PARAMETER 


ACT3651-15 


ACT3651-20 


ACT3651-30 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


t a Access time, CLKBt to BO- B35 


11 


13 


15 


ns 


tpd(C-IR) Propagation delay time, CLKAt to IR 


11 


13 


15 


ns 


tpd(C-OR) Propagation delay time, CLKBt to OR 


11 


13 


15 


ns 


tpd(C-AE) Propagation delay time, CLKBT to Al 


11 


13 


15 


ns 


tpd(C-AF) Propagation delay time, CLKAt to AF 


11 


13 


15 


ns 


Propagation delay time, CLKAt to MBF1 low or MBF2 high and 
tpd(C-MF) clkb t t0 mbf2 j ow or mbFT high 


11 


13 


15 


ns 


Propagation delay time, CLKAt to B0-B35t and CLKBt to 
tpd(C-MR) A0 _ A35 * 


11 


13 


15 


ns 


tpcj(M-DV) Propagation delay time, MBB to BO- B35 valid 


9 


11 


13 


ns 


tpd(R-F) Propagation delay time, RST low to AE low and AF high 


15 


20 


30 


ns 


Enable time, CSA and W/RA low to A0-A35 active and CSB low 
en and W/RB high to B0-B35 active 


10 


12 


14 


ns 


Disable time, CSA or W/RA high to AO- A35 at high impedance 
and CSB high or W/RB low to BO- B35 at high impedance 


10 


12 


14 


ns 



t Writing data to the main register when the B0-B35 outputs are active and MBB is high 
$ Writing data to the mail2 register when the AO- A35 outputs are active and MBA is high 
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TYPICAL CHARACTERISTICS 



SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 



£ 

I 

| 200 

o 

1 150 

3 
(/> 

I 

& 100 

3 

50 



'data = 1/2 f C | 0 < 
Ta = 75°C 

*+. _ a -e- 


i- ™" 
>k 










— w L 


- v pr 
















D/ 


VTA T 
PRO 


OBE 
DUC 


SUP 
TRE 


PLIE 
LEAS 


D 






AT 


E 





































0 10 20 30 40 50 60 70 80 
fclock - Clock Frequency - MHz 
Figure 16 

calculating power dissipation 

With lcc(f) taken from Figure 1 6, the maximum power dissipation (Pj) of the SN74ACT3651 can be calculated 
by: 

Pt = V CC x [l CC(f) + (N x Alec x dc)l + ^(C L x V C C 2 x W 
where: 

N = number of inputs driven by TTL levels 

Alec = increase in power supply current for each input at a TTL high level 

dc = duty cycle of inputs at a TTL high level of 3.4 V 

C|_ = output capacitive load 

f 0 = switching frequency of an output 



Texas 
Instruments 

1 1 -78 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN74ACT3651 
2048 x 36 

CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS439A- JUNE 1994 - REVISED SEPTEMBER 1995 



PARAMETER MEASUREMENT INFORMATION 

5V 



From Output 
Under Test 



680 Q 



1.1 kfl 



30 pF 

(see Note A) 



LOAD CIRCUIT 



Timing 
Input 



1.5 V 



3V 
QND 



t 8 uH+— *~ th 

Data, I/ d 3V 

Enable / «V \ 1.5 V 

lit — ' 



Input 



QND 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



High-Level 
Input 



Low-Level 
Input 



1.5 V 



1.5 V 



■- 3V 
1.5 V 

| 11 GND 



I™. 



VOLTAGE WAVEFORMS 
PULSE DURATIONS 



3V 



GND 



Output 
Enable 



Low-Level 
Output 



High-Level 
Output 




VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTE A: Includes probe and jig capacitance 



Input 



_/ 15V \ 

y 



1.5 V 



3V 
GND 



tpd~H H k— ^t pd 

In-Phase r—sr, v OH 

Output 

vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



Figure 17. Load Circuit and Voitage Waveforms 
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Free-Running CLKA and CLKB Can Be 
Asynchronous or Coincident 
Two Independent Clocked FIFOs Buffering 
Data in Opposite Directions 
Mailbox-Bypass Register for Each FIFO 

Programmable Almost-Full and 
Almost-Empty Flags 

Microprocessor Interface Control Logic 
IRA, ORA, AEA, and AFA Flags 
Synchronized by CLKA 



• IRB, ORB, AEB, and AFB Flags 
Synchronized by CLKB 

• Low-Power 0.8-Micron Advanced CMOS 
Technology 

• Supports Clock Frequencies up to 67 MHz 

• Fast Access Times of 11 ns 

• Pin-to-Pin Compatible With the 
SN74ACT3632 and SN74ACT3642 

• Available in Space-Saving 120-Pin Thin 
Quad Flat (PCB) and 132-Pin Plastic Quad 
Flat (PQ) Packages 



PCB PACKAGE 
(TOP VIEW) 



A35 
A34 
A33 
A32 

Vcc 
A31 
A30 

GND 
A29 
A28 
A27 
A26 
A25 
A24 
A23 

GND 
A22 

Vcc 

A21 
A20 
A19 
A18 
GND 
A17 
A16 
A15 
A14 
A13 

Vcc 

A12 



OS 
z _i 

oo 

nn 



2< 

CD CD 
22 



b o9 



CflZ CO 
LL O UL 



step 

w^pSt 0>1<|< 

nnnnnnnnnnnnnnnnnnnnnnnnnnnn 



, CD 
CO £ 

tr 2 



, CO 
CD nr DO 
CO.g Z 
|0& LU 



CD 



is 



c 1 T 

C 2 

C 3 

C 4 

C 5 

C 6 

C 7 

C 8 

C 9 

C 10 

C 11 

C 12 

C 13 

C 14 

C 15 

C 16 

C 17 

C 18 

C 19 

C 20 

□ 21 

C 22 

C 23 

C 24 

C 25 

C 26 

C 27 

C 28 

C 29 

C 30 



TTTT 

Q 

Z< 



I CO tlQlDSOOOIOT-CMCOTr 



<. T .J l T J *. T J V) < J T T "ST 

uuuuuuuuuuu 

^ 0 > 



UUUUUUUUUUUU 

<<2CQCQCQCQCQCQ2:CQ X 
(3 O > 



£8 In SB i 



u u u 

I s - CO O) 
CD CO CO 



u u 

O T- 

5 CD 



B35 

B34 

B33 

B32 

GND 

B31 

B30 

B29 

B28 

B27 

B26 

Vcc 

B25 

B24 

GND 

B23 

B22 

B21 

B20 

B19 

B18 

GND 

B17 

B16 

Vcc 

B15 
B14 
B13 
B12 
GND 



PRODUCTION DATA Information Is current as of publication date. « Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments Wim 

standard warranty. Production processing does not necessarily Include wVW Tbi/A o 

testing of all parameters. if | JtlXAo 
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PQ PACKAGEt 
(TOP VIEW) 



,^ §2 GO. fr ICQ Q OQ |m |CD , JLL CD 
OO RZi Z.£ 5)Z £ qc £ K R CD m 



CO £ 



So 



A n n n n n n n n n nnnn hn'nnn n n nnnnn nn'nnnnnn / \ 

17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 132 130 128 126 124 122 120 118 



NC c= 




ri 131 129 127 125 123 121 119 117 

116 


=3 NC 


18 


B35 l= 


19 


115 


=3 NC 


B34 c= 


20 


114 


=3 A35 


B33 l= 


21 


113 


=3 A34 


B32 C= 


22 


112 


=□ A33 


GND CZ 


23 


111 


=3 A32 


B31 c= 


24 


110 


= v cc 


B30 c= 


25 


109 


=□ A31 


B29 c= 


26 


108 


=3 A30 


B28 cz 


27 


107 


=3 GND 


B27 t= 


28 


106 


=□ A29 


B26 c= 


29 


105 


=3 A28 


Vcc <= 


30 


104 


=3 A27 


B25 l= 


31 


103 


=3 A26 


B24 C= 


32 


102 


=1 A25 


GND E= 


33 


101 


=□ A24 


B23 c= 


34 


100 


=3 A23 


B22 C= 


35 


99 


=3 GND 


noi i — 

Dil I I 


36 


98 


1 LOO 


B20 c= 


37 


97 


= Vcc 


B19 c= 


38 


96 


=3 A21 


B18 i= 


39 


95 


=3 A20 


GND c= 


40 


94 


=l A19 


B17 c= 


41 


93 


=3 A18 


B16 cz 


42 


92 


=3 GND 


Vcc ■= 


43 


91 


=1 A17 


B15 C= 


44 


90 


=3 A16 


B14 l= 


45 


89 


=3 A15 


B13 1= 


46 


88 


=3 A14 


B12 nz 


47 


87 


=3 A13 


GND C= 


48 


86 


=3 v cc 


NC C= 


49 


85 


=3 A12 


NC c= 


50 


84 


=3 NC 



<J 



51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 



uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu 

O t-OO) CON O CD QLO^COC\Jt-OQOt-C\J o 

m m > o o > 



<<<z<<<<^^zzz 

(3 < ^ (D 



NC - No internal connection 

t Uses Yamaichi socket IC51 -1324-828 
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description 

The SN74ACT3622 is a high-speed, low-power CMOS clocked bidirectional FIFO memory. It supports clock 
frequencies up to 67 MHz with read access times of 11 ns. Two independent 256 x 36 dual-port SRAM FIFOs 
on board the chip buffer data in opposite directions. Each FIFO has flags to indicate empty and full conditions 
and two programmable flags (almost full and almost empty) to indicate when a selected number of words is 
stored in memory. Communication between each port can bypass the FIFOs via two 36-bit mailbox registers. 
Each mailbox register has a flag to signal when new mail has been stored. Two or more devices can be used 
in parallel to create wider data paths. 

The SN74ACT3622 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a port clock by enable signals. The clocks for 
each port are independent of one another and can be asynchronous or coincident. The enables for each port 
are arranged to provide a simple bidirectional interface between microprocessors and/or buses with 
synchronous control. 

The input-ready (IRA, IRB) flag and almost-full (AFA, AFB) flag of a FIFO are two-stage syn chron i zed t o the 
port cfock that writes data to its array. The output-ready (ORA, ORB) flag and almost-empty (AEA, AEB) flag 
of a FIFO are two-stage synchronized to the port clock that reads data from its array. Offset values for the 
almost-full and almost-empty flags of the FIFO can be programmed from port A. 

The SN74ACT3622 is characterized for operation from 0°C to 70°C. 

For more information on this device family, see the application report FIFO Mailbox-Bypass Registers: Using 
Bypass Registers to Initialize DMA Control in the 1996 High-Performance FIFO Memories Designer's 
Handbook, literature number SCAA01 2A. 



^If Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



11-83 



SN74ACT3622 
256x36x2 

CLOCKED BIDIRECTIONAL FIRST-IN, FIRST-OUT MEMORY 

SCAS247C - AUGUST 1 993 - REVISED SEPTEMBER 1995 



functional block diagram 



MBF1 



CLKA 
CSA 

W/RA 
ENA 
MBA 



RST1 



Port-A 
Control 
Logic 



FIF01, 
Mailt 
Reset 
Logic 



IRA 
AFA 



FSO 
FS1 
A0-A35 « 



36 



-4-*- 



ORA 
AEA 



Maih 
Register 



DC 

"3 
a 



256x36 
SRAM 



Write 
Pointer 



| FIF01 
I 









1 




cc 








3 

a 




3 

o 



Read 
Pointer 



Status-Flag 
Logic 



Programmable- 
Flag 
Offset Registers 



FIF02 



Status-Flag 
Logic 



Read 
Pointer 



Write 
Pointer 



256x36 
SRAM 



Mail2 
Register 



36 



-«■»■#- 



ORB 
AEB 



B0-B35 



IRB 
AFB 



36 



FIF02, 
Mail2 
Reset 
Logic 



Port-B 
Control 
Logic 



-RST2 



-CLKB 
CSB 
-W/RB 
-ENB 
-MBB 



MBF2 - 
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Terminal Functions 



TCDMIKIAI 
1 EnlVIIINAL. 

NAME 


I/O 


DESCRIPTION 


Afi btt 


I/O 


ron-n a a ia. i ne oo-dii uiuirecuonai aaia port ior siue m. 


AEA 


(port A) 


Port-A almost-empty flag. Programmable almost-empty flag synchronized to CLKA. AEA is low when the number of 
words in FIF02 is less than or equal to the value in the almost-empty A offset register, X2. 


AEB 


U 

(port B) 


Port-B almost-empty flag. Programmable almost-empty flag synchronized to CLKB. AEB is low when the number of 
words in FIF01 is less than or equal to the value in the almost-empty B offset register, X1 . 


AFA 


U 

(port A) 


Port-A almost-full flag. Programmable almost-full flag synchronized to CLKA. AFA is low when the number of empty 
locations in FIF01 is less than or equal to the value in the almost-full A offset register, Y1 . 


AFB 


U 

(port B) 


Port-B almost-full flag. Programmable almost-full flag synchronized to CLKB. AFB is low when the number of empty 
locations in FIF02 is less than or equal to the value in the almost-full B offset register, Y2. 


nn doc 


l/U 


Port-B data. The 36-bit bidirectional data port for side B. 


CLKA 


I 


Port-A clock. CLKA is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to CLKB. IRA, ORA, AFA, and AEA are all synchronized to the low-to-high transition of CLKA. 


CLKB 




Port-B clock. CLKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
or coincident to CLKA. IRB, ORB, AFB, and AEB are synchronized to the low-to-high transition of CLKB. 


CSA 




Port-A chip select. CSA must be low to enable a low-to-high transition of CLKA to read or write data on port A. The 
A0-A35 outputs are in the high-impedance state when CSA is high. 


CSB 




Port-B chip select. CSB must be low to enable a low-to-high transition of CLKB to read or write data on port B. The 
B0-B35 outputs are in the high-impedance state when CSB is high. 


ENA 




Port-A enable. ENA must be high to enable a low-to-high transition of CLKA to read or write data on port A. 


ENB 




Port-B enable. ENB must be high to enable a low-to-high transition of CLKB to read or write data on port B. 


FS1.FS0 


I 


Flag offset selects. The low-to-high transition of a FIFO's reset input latches the values of FSO and FS1 . If either FSO 
or FS1 is high when a reset input goes high, one of three preset values is selected as the offset for the FIFO almost-full 
and almost-empty flags. If both FIFOs are reset simultaneously and both FSO and FS1 are low when RST1 and RST2 
go high, the first four writes to FIF01 program the almost-full and almost-empty offsets for both FIFOs. 


IRA 


0 

(port A) 


Input-ready flag. IRA is synchronized to the low-to-high transition of CLKA. When IRA is low, FIF01 is full and writes 
to its array are disabled. I RA is set low when Fl F01 is reset and is set high on the second low-to-high transition of CLKA 
after reset. 


IRB 


0 

(port B) 


Input-ready flag. IRB is synchronized to the low-to-high transition of CLKB. When IRB is low, FIF02 is full and writes 
to its array are disabled. IRB is set low when FIF02 is reset and is set high on the second low-to-high transition of CLKB 
after reset. 


MBA 


I 


Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A read or write operation. When the 
A0-A35 outputs are active, a high level on MBA selects data from the mail2 register for output and a low level selects 
FIF02 output-register data for output. 


MBB 


I 


Port-B mailbox select. A high level on MBB chooses a mailbox register for a port-B read or write operation. When the 
B0-B35 outputs are active, a high level on MBB selects data from the mail 1 register for output and a low level selects 
FIF01 output-register data for output. 


MBFT 


0 


MaiH register flag. MBFT is set low by a low-to-high transition of CLKA that writes data to the main register. Writes to 
the main register are inhibited while MBF1 is low. MBF1 is set high by a low-to-high transition of CLKB when a port-B 
read is selected and MBB is high. MBF1 is set high when FIF01 is reset. 


MBF2 


0 


Mail2 register flag. MBF2 is set low by a low-to-high transition of CLKB that writes data to the mail2 register. Writes to 
the mail2 register are inhibited while MBF2 is low. MBF2 is set high by a low-to-high transition of CLKA when a port-A 
read is selected and MBA is high. MBF2 is also set high when FIF02 is reset. 


ORA 


0 

(port A) 


Output-ready flag. ORA is synchronized to the low-to-high transition of CLKA. When ORA is low, FIF02 is empty and 
reads from its memory are disabled. Ready data is present on the output register of FIF02 when ORA is high. ORA 
is forced low when FIF02 is reset and goes high on the third low-to-high transition of CLKA after a word is loaded to 
empty memory. 



Texas 
Instruments 



POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 1 1 -85 



SN74ACT3622 
256 x 36 x 2 

CLOCKED BIDIRECTIONAL FIRST-IN, FIRST-OUT MEMORY 

SCAS247C - AUGUST 1 993 - REVISED SEPTEMBER 1 995 



Terminal Functions (continued) 



TERMINAL 
NAME 


I/O 


DESCRIPTION 


ORB 


0 

(port B) 


Output-ready flag. ORB is synchronized to the low-to-high transition of CLKB. When ORB is low, FIF01 is empty and 
reads from its memory are disabled. Ready data is present on the output register of FIF01 when ORB is high. ORB 
is forced low when FIF01 is reset and goes high on the third low-to-high transition of CLKB after a word is loaded to 
empty memory. 


RST1 


I 


FIF01 reset. To reset FIF01 , four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur 
while RST1 is low. The low-to-high transition of RST1 latches the status of FSO and FS1 for AFA and AEB offset 
selection. FIF01 must be reset upon power up before data is written to its RAM. 


RST2 


I 


FIF02 reset. To reset FIF02, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur 
while RST2 is low. The low-to-high transition of RST2 latches the status of FSO and FS1 for AFB and AEA offset 
selection. FIF02 must be reset upon power up before data is written to its RAM. 


W/RA 


I 


Port-A write/read select. A high on W/RA selects a write operation and a low selects a read operation on port A for a 
low-to-high transition of CLKA. The A0-A35 outputs are in the high-impedance state when W/RA is high. 


W/RB 


I 


Port-B write/read select. A low on W/RB selects a write operation and a high selects a read operation on port B for a 
low-to-high transition of CLKB. The B0-B35 outputs are in the high-impedance state when W/RB is low. 



detailed description 
reset 

The FIFO memories of the SN74ACT3622 are reset separately by taking their reset (RST1 , RST2) inputs low 
for at least four port-A clock (CLKA) and four port-B clock (CLKB) low-to-high transitions. The reset inputs can 
switch asynchronously to the clocks. A FIFO reset initializes the internal read and write poi nters and f orces the 
input-ready (IRA, IRB) fl ag lo w, the output-ready (ORA, ORB) flag low, the almost-e mpty (AEA, AE B) flag low, 
and the almost-full (AF, AFB) flag high. Resetting a FIFO also forces the mailbox (MBF1, MBF2) flag of the 
parallel mailbox register high. After a FIFO is reset, its input-ready flag is set high after two clock cycles to begin 
normal operation. A FIFO must be reset after power up before data is written to its memory. 

A low-to-high transition on a FIFO reset (RST1 , RST2) input latches the value of the flag-select (FSO, FS1) 
inputs for choosing the almost-full and almost-empty offset programming method (see almost-empty flag and 
almost-full flag offset programming/). 

almost-empty flag and almost-full flag offset programming 

Four registers in the SN74ACT3622 are used to hold the offset values for the almost-empty and almos t-full flags. 
The port-B almost-empty (AEB) flag offset register is labeled X1 and the port-A almost-empty (AEA) flag offset 
regist er is labeled X2. The port-A almost-full (AFA) flag offset register is labeled Y1 and the port-B almost-full 
(AFB) flag offset register is labeled Y2. The index of each register name corresponds to its FIFO number. The 
offset registers can be loaded with preset values during the reset of a FIFO or they can be programmed from 
port A (see Table 1). 



Table 1. Flag Programming 



FS1 


FSO 


RST1 


RST2 


XI ANDY1 REGISTERSt 


X2 AND Y2 REGISTERS* 


H 


H 


T 


X 


64 


X 


H 


H 


X 


T 


X 


64 * 


H 


L 


T 


X 


16 


X 


H 


L 


X 


T 


X 


16 


L 


H 


T 


X 


8 


X 


L 


H 


X 


T 


X 


8 


L 


L 


T 


T 


Programmed from port A 


Programmed from port A 



t X1 register holds the offset for AEB ; Y1 register holds the offset for AFA . 
$ X2 register holds the offset for AEA; Y2 register holds the offset for AFB. 
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almost-empty flag and almost-full flag offset programming (continued) 

To load the FIFO almost-empty flag and almost-full flag offset registers with one of the three preset values listed 
in Table 1 , at least one of the flag-select inputs must be high during the low-to-high transition of its rese t input . 
For example, to load the preset value of 64 into X1 andY1,FS0and FS1 must be high when FIF01 reset (RST1) 
returns high. Flag-offs et regis ters associated with FIF02 are loaded with one of the preset values in the same 
way with FIF02 reset (RST2). When using one of the preset values for the flag offsets, the FIFOs can be reset 
simultaneously or at different times. 

To program the X1 , X2, Y1 , and Y2 registers from port A, both FIFOs should be reset simultaneously with FSO 
and FS1 low during the low-to-high transition of the reset inputs. After this reset is complete, the first four writes 
to FIF01 do not store data in RAM but load the offset registers in the order Y1 , X1 , Y2, X2. Each offset register 
uses port-A inputs (A7-A0). The highest numbered input is used as the most significant bit of the binary number 
in each case. Valid programming values for the registers range from 1 to 252. After all the offset registers are 
programmed from port A, the port-B input-ready (IRB) flag is set high and both FIFOs begin normal operation. 

FIFO write/read operation 

The state of the poi-tM data (A0-A35) outputs is controlled by the port-A chip select (CSA) and the p_ort-A 
write/read select (W/RA). The A0-A35 outputs are in the higrnmpedance state when either CSA or W/RA is 
high. The A0-A35 outputs are active when both CSA and W/RA are low. 

Data is loaded into FIF01 from the A0-A35 inputs on a low-to-high transition of CLKA when CSA is low, W/RA 
is high, EN A is high, MB A is low , and IRAis high. Data is read from FIF02 to the A0-A35 outputs by a low-to-high 
transition of CLKA when CSA is low, W/RA is low, ENA is high, MBA is low, and ORA is high (see Table 2). FIFO 
reads and writes on port A are independent of any concurrent port-B operation. 



Table 2. Port-A Enable Function Table 



CSA 


W/RA 


ENA 


MBA 


CLKA 


A0-A35 OUTPUTS 


PORT FUNCTION 


H 


X 


X 


X 


X 


In high-impedance state 


None 


L 


H 


L 


X 


X 


In high-impedance state 


None 


L 


H 


H 


L 


T 


In high-impedance state 


FIF01 write 


L 


H 


H 


H 


T 


In high-impedance state 


MaiH write 


L 


L 


L 


L 


X 


Active, FIF02 output register 


None 


L 


L 


H 


L 


T 


Active, FIF02 output register 


FIF02 read 


L 


L 


L 


H 


X 


Active, mai!2 register 


None 


L 


L 


H 


H 


T 


Active, mai!2 register 


Mail2read (set MBF2 high) 



The port-B control signals are identical to those of port A with the exception that the port-B write/read select 
(W/RB) is the inverse of the port-A write/re ad select (W/RA). The state of the_port-B data (B0-B35) outputs is 
controlled by the port-B chip select (CS B) an d the por^B write/read select (W/RB). The B0-B35 output s are 
in the high-impedance state when either CSB is high or W/RB is low. The B0-B35 outputs are active when CSB 
is low and W/RB is high. 

Data is loaded into FIF02 from the B0-B35 inputs on a low-to-high transition of CLKB when CSB is low, W/RB 
is low, ENB is high, MBB is low , and IRB is high. Data is read from FIF01 to the B0-B35 outputs by a low-to-high 
transition of CLKB when CSB is low, W/RB is high, ENB is high, MBB is low, and ORB is high (see Table 3). FIFO 
reads and writes on port B are independent of any concurrent port-A operation. 
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FIFO write/read operation (continued) 



Table 3. Port-B Enable Function Table 



CSB 


W/RB 


ENB 


MBB 


CLKB 


B0-B35 OUTPUTS 


PORT FUNCTION 


H 


X 


X 


X 


X 


In high-impedance state 


None 


L 


L 


L 


X 


X 


In high-impedance state 


None 


L 


L 


H . 


L 


T 


In high-impedance state 


FIF02 write 


L 


L 


H 


H 


T 


In high-impedance state 


Mail2 write 


L 


H 


L 


L 


X 


Active, FIF01 output register 


None 


L 


H 


H 


L 


T 


Active, FIF01 output register 


FIF01 read 


L 


H 


L 


H 


X 


Active, maiH register 


None 


L 


H 


H 


H 


T 


Active, mail! register 


Mail! read (set MBFT high) 



The setup- and hold-time constraints to the port docks for the port-chip selects and write/read selects are only 
for enabling write and read operations and are not related to high-impedance control of the data outputs. If a 
port enable is low during a clock cycle, the port-chip select and write/read select may change states during the 
setup- and hold-time window of the cycle. 

When a FIFO output-ready flag is low, the next data word is sent to the FIFO output register automatically by 
the low-to-high transition of the port clock that sets the output-ready flag high. When the output-ready flag is 
high, an available data word is clocked to the FIFO output register only when a FIFO read is selected by the 
port's chip select, write/read select, enable, and mailbox select. 

synchronized FIFO flags 

Each FIFO is synchronized to its port clock through at least two flip-flop stages. This is done to improve 
flag-signal reliability by reducing the probability of metastable events when CLKA and CLKB operate 
asynchronously to one another (see the application report Metastability Performance of C locke d FIFOs i n the 
1 996 High-Performance FIFO Me morie s Data Boo k, lite rature number SCAD003C). ORA, AEA, IRA, and AFA 
are synchronized to CLKA. ORB, AEB, IRB, and AFB are synchronized to CLKB. Tables 4 and 5 show the 
relationship of each port flag to FIF01 and FIF02. 



Table 4. FIF01 Flag Operation 



NUMBER OF WORDS IN 
FIFOltt 


SYNCHRONIZED 
TO CLKB 


SYNCHRONIZED 
TO CLKA 


ORB AEB 


AFA IRA 


0 


L L 


H H 


1 to X1 


H L 


H H 


(X1 +1)to[256-(Y1 + 1)] 


H H 


H H 


(256-Y1)to255 


H H 


L H 


256 


H H 


L L 



t X1 is the almost-empty o ffset for FIF01 used by AEB. Y1 is the almost-full 
offset for FIF01 used by AFA. Both X1 and Y1 are selected during a reset 
of FIF01 or programmed from port A. 

$ When a word loaded to an empty FIFO is shifted to the output register, its 
previous FIFO memory location is free. 
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synchronized FIFO flags (continued) 



Table 5. FIF02 Flag Operation 



NUMBER OF WORDS IN 
FIF02tt 


SYNCHRONIZED 
TOCLKA 


SYNCHRONIZED 
TO CLKB 


ORA 


AlA 


AFB 


IRB 


0 


L 


L 


H 


H 


1 toX2 


H 


L 


H 


H 


(X2 + 1)to[256-(Y2 + 1)] 


H 


H 


H 


H 


(256 -Y2) to 255 


H 


H 


L 


H 


256 


H 


H 


L 


L 



t X2 is the almost-empty o ffset for FIF02 used by AEA. Y2 is the almost-full 
offset for FIF02 used by AFB. Both X2 and Y2 are selected during a reset 
of FIF02 or programmed from port A. 

$ When a word loaded to an empty FIFO is shifted to the output register, its 
previous FIFO memory location is free. 



output-ready flags (ORA, ORB) 

The output-ready flag of a FIFO is synchronized to the port clock that reads data from its array. When the 
output-ready flag is high, new data is present in the FIFO output register. When the output-ready flag is low, the 
previous data word is present in the FIFO output register and attempted FIFO reads are ignored. 

A FIFO read pointer is incremented each time a new word is clocked to its output register. The state machine 
that controls an output-ready flag monitors a write-pointer and read-pointer comparator that indicates when the 
FIFO SRAM status is empty, empty+1 , or empty+2. From the time a word is written to a FIFO, it can be shifted 
to the FIFO output register in a minimum of three cycles of the output-ready flag synchronizing clock; therefore, 
an output-ready flag is low if a word in memory is the next data to be sent to the FIFO output register and three 
cycles of the port clock that reads data from the FIFO have not elapsed since the time the word was written. 
The output-ready flag of the FIFO remains low until the third low-to-high transition of the synchronizing clock 
occurs, simultaneously forcing the output-ready flag high and shifting the word to the FIFO output register. 

A low-to-high transition on an output-ready flag synchronizing clock begins the first synchronization cycle of a 
write if the clock transition occurs at time t S |<i , or greater, after the write. Otherwise, the subsequent clock cycle 
can be the first synchronization cycle (see Figures 7 and 8). 

input-ready flags (IRA, IRB) 

The input-ready flag of a Fl FO is synchronized to the port clock that writes data to its array. When the input-ready 
flag is high, a memory location is free in the SRAM to receive new data. No memory locations are free when 
the input-ready flag is low and attempted writes to the FIFO are ignored. 

Each time a word is written to a FIFO, its write pointer is incremented. The state machine that controls an 
input-ready flag monitors a write pointer and read pointer comparator that indicates when the FIFO SRAM status 
is full, full — 1 , or full— 2. From the time a word is read from a FIFO, its previous memory location is ready to be 
written in a minimum of two cycles of the input-ready flag synchronizing clock; therefore, an input-ready flag is 
low if less than two cycles of the input-ready flag synchronizing clock have elapsed since the next memory write 
location has been read. The second low-to-high transition on the input-ready flag synchronizing clock after the 
read sets the input-ready flag high. 

A low-to-high transition on an input-ready flag synchronizing clock begins the first synchronization cycle of a 
read if the clock transition occurs at time t^ , or greater, after the read. Otherwise, the subsequent clock cycle 
can be the first synchronization cycle (see Figures 9 and 1 0). 
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almost-empty flags (AEA, AEB) 

The almost-empty flag of a FIFO is synchronized to the port clock that reads data from its array. The state 
machine that controls an almost-empty flag monitors a write pointer and read pointer comparator that indicates 
when the FIFO SRAM status is almost e mpty, almost empty+1 , o r alm ost empty+2. The almost-empty state is 
defined by the contents of register X1 for AEB and register X2 for AEA. These registers are loaded with preset 
values during a FIFO reset or programmed from port A (see almost-empty flag and almost-full flag offset 
programming). An almost-empty flag is low when its FIFO contains X or less words and is high when its FIFO 
contains (X + 1) or more words. A data word present in the FIFO output register has been read from memory. 

Two low-to-high transitions of the almost-empty flag synchronizing clock are required after a FIFO write for its 
almost-empty flag to reflect the new level of fill; therefore, the almost-empty flag of a FIFO containing (X + 1) 
or more words remains low if two cycles of its synchronizing clock have not elapsed since the write that filled 
the memory to the (X + 1) level. An almost-empty flag is set high by the second low-to-high transition of its 
synchronizing clock after the FIFO write that fills memory to the (X + 1) level. A low-to-high transition of an 
almost-empty flag synchronizing clock begins the first synchronization cycle if it occurs at time t S k2» or greater, 
after the write that fills the FIFO to (X + 1 ) words. Otherwise, the subsequent synchronizing clock cycle can be 
the first synchronization cycle (see Figures 11 and 12). 

almost-full flags (AFA, AFB) 

The almost-full flag of a FIFO is synchronized to the port clock that writes data to its array. The state machine 
that controls an almost-full flag monitors a write pointer and read pointer comparator that indicates when the 
FIFO SRAM stat us is almost full, almost full- 1, or almost full— 2. The almost-full state is defined by the contents 
of register Y1 for AFA and register Y2 for AFB. These registers are loaded with preset values during a FIFO reset 
or programmed from port A (see almost-empty flag and almost-full flag offset programming). An almost-full flag 
is low when the number of words in its FIFO is greater than or equal to (256 - Y) . An almost-full flag is high when 
the number of words in its FIFO is less than or equal to [256 - (Y + 1)]. A data word present in the FIFO output 
register has been read from memory. 

Two low-to-high transitions of the almost-full flag synchronizing clock are required after a FIFO read for its 
almost-full flag to reflect the new level of fill; therefore, the almost-full flag of a FIFO containing [256 - (Y + 1 )] 
or less words remains low if two cycles of its synchronizing clock have not elapsed since the read that reduced 
the number of words in memory to [256 - (Y + 1)]. An almost-full flag is set high by the second low-to-high 
transition of its synchronizing clock after the FIFO read that reduces the number of words in memory to 
[256 - (Y + 1)]. A low-to-high transition of an almost-full flag synchronizing clock begins the first synchronization 
cycle if it occurs at time t S k2» or greater, after the read that reduces the number of words in memory to 
[256 - (Y + 1)]. Otherwise, the subsequent synchronizing clock cyclecan be the first synchronization cycle (see 
Figures 13 and 14). 

mailbox registers 

Each FIFO has a 36-bit bypass register to pass command and control information between port A and port B 
without putting it in queue. The mailbox-select (MBA, MBB) inputs choose between a mail register and a FIFO 
for a port data transfer operation. A low -to-high transition on CLKA writes A0-A35 data to the main register 
when a port-A write is selected by CSA, W/RA, and ENA and with MBA hi gh. A low-to-high transition on CLKB 
writes BO- B35 data to the mail2 register when a port-B write is selecte d byCSB, W/RB, and ENB and with MBB 
high. Writing data to a mail register sets its corresponding flag (MBF1 or MBF2) low. Attempted writes to a mail 
register are ignored while the mail flag is low. 

When data outputs of a port are active, the data on the bus comes from the FIFO output register when the 
port-mailbox- select input is low and from the mail register when the port-mailbox-select input is high. The maih 
register flag (MBF1) is set high by a low-to-high transition o n CLKB when a port-B read is selected by CSB, 
W/RB, and ENB and with MBB high. Th e ma i!2 register flag (MBF2) is set high by a low-to-high transition on 
CLKA when a port-A read is selected by CSA, W/RA, and ENA and with MBA high. The data in a mail register 
remains intact after it is read and changes only when new data is written to the register. 
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ORB 



AEB 



tpd(R-F) f~ 



T J 

tpd(R-F) |« »| 



AFA ////////7 7Z7 



MBF1 



tpd(R-F) f» 



Figure 1. FIF01 Reset Loading X1 and Y1 With a Preset Value of Eightt 

t FIF02 is reset in the same manner to load X2 and Y2 with a preset value. 



CLKA 




FS1. FSO 



tpd(C-IR) N- — i I 



A0-A35 




t t s ki is the minimum time between the rising CLKA edge and a rising CLKB edge for IRB to transition high in the next cycle. If the time between 

the risin g edge of CLKA and rising edge of CLKB is less than t S ki , IRB may transition high one cycle later than shown. 
NOTE A: CSA = L, W/RA = H, MBA = L. It is not necessary to program offset register on consecutive clock cycles. 

Figure 2. Programming the Almost-Full Flag and Almost-Empty Flag Offset Values After Reset 
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Figure 3. Port-A Write-Cycle Timing for FIF01 
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Figure 4. Port-B Write-Cycie Timing for FIF02 
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Figure 5. Port-B Read-Cycle Timing for FIF01 
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Figure 6. Port-A Read-Cycle Timing for FIF02 
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CLKA 




W/RA High 



*su(EN) [\5 
MBA ' 



'su(EN) 
ENA //////* 
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j«- 'h(EN) 



«- th(EN) 




CLKB 
ORB 



Old Data in FIFO I Output Register 



2 \ / 3 
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ENB 



V/////////////////////////////////^^^ 



l^-th(EN) 



t a 
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W1 



t t S [<i is the minimum time between a rising CLKA edge and a rising CLKB edge for ORB to transition high and to clock the next word to the FIF01 
output register in three CLKB cycles, if the time between the rising CLKA edge and rising CLKB edge is less than t s ki , the transition of ORB high 
and load of the first word to the output register may occur one CLKB cycle later than shown. 

Figure 7. ORB-Flag Timing and First-Data-Word Faiithrough When FIF01 Is Empty 
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JL 



B0-B35 



CLKA 
ORA 




Old Data in F1F02 Output Register 



2 \ / 3 
tpd(C-OR) j« H 



CSA Low 



W/RA Low 



MBA Low 



M tpd(C-OR) 



i t su(EN )i^a r th < EN ) 

r*-«a — H 



ENA 



A0-A35 



Old Data In FIF02 Output Register 



W1 



t t s ki is the minimum time between a rising CLKB edge and a rising CLKA edge for ORA to transition high and to clock the next word to the FIF02 
output register in three CLKA cycles. If the time between the rising CLKB edge and rising CLKA edge is less than t S ki , the transition of ORA high 
and load of the first word to the output register may occur one CLKA cycle later than shown. 

Figure 8. ORA-Flag Timing and First-Data-Word Failthrough When FIF02 Is Empty 
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tw(CLKH) -p- 
CLKB JT 



tc " 



■i. 



- tw(CLKL) 

V 



~\ r 



CSB Low 



4- 



W/RB High 
MBB Low 



I 



tsu(EN) -M — >Wj- th(EN) 



ORB High 



I 



B0-B35 Previous Word in FIF01 Output Register^ Next Word From FIF~ 



CLKA 



IRA 



tw(CLKH) K— 

-\ n 



FIF01 Full 



tpd(C-IR) * 



-*j tw(CLKL) 



J tpd(C-IR) 



CSA Low 



W/RA High 



tsu(EN) h — 4^ th ( EN ) 



*su(EN) p — ^h(EN) 



su(EN) I*- 



A0-A35 



tsu(D) f« *h(D) 



To FIF01 



t t S k-| is the minimum time between a rising CLKB edge and a rising CLKA edge for I RA to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than t S ki , IRA may transition high one CLKA cycle later than shown. 

Figure 9. IRA-Flag Timing and First Available Write When FIF01 Is Full 
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'w(CLKH) -jt- 
CLKA JT 



tc " 



CSA Low 



tw(CLKL) 



\_y — \ r 



fRA Low 



W/RA 



MBA Low 



ENA 



tsu(EN) 

JZZZZ 



'h(EN) 



ORA High 

U-t a — H 

I —S. 

A0-A35 Previous Word in FIFO 2 Output Register^ Next Word From FIFQ2 



CLKB 
IRB 
CSB 



• t sk1 t -j 

tw(CLKH) H« — 



FIF02 Full 



tpd(C-IR) k 



4~ f w(CLKL) 



y 



M tpd(G-IR) 



Low 



W/RB 



Low 



t SU (EN)H — ►Mth(EN) 



tsu(EN) 



th(EN) 

«su(D) \* — M"»j »h(D) 

Bo-ess ^xxxxxxxxxxx^^ 

To FIF02 

t t s |<i is the minimum time between a rising CLKA edge and a rising CLKB edge for IRB to transition high in the next CLKB cycle. If the time between 
the rising CLKA edge and rising CLKB edge is less than t s ki , IRB may transition high one CLKB cycle later than shown. 

Figure 10. IRB-Flag Timing and First Available Write When FIF02 Is Full 
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CLKA / \ 

tsu(EN) i^ti r Xhm ~ 



clkb \ / \__Jn — v_/^ — \—/~ V 



tpd(C-AE) H« H t pd(C -AE) N- 



AEB X1 Words In FIFQ1 ' if (X1 + 1) Words in FIF01 ! \_ 



tsu(EN)j«— H | 

t t s k2 is the minimum time between a rising CLKA edge and a risin g CL KB edge for ABB to transition high in the next CLKB cycle. If the time between 

the rising CLKA edge and r ising CLKB edge is less than t S |<2, AE B may transition high one CLKB cycle later than shown. 
NOTE A: FIF01 write (CSA = L, W/RA = H, MBA = L), FIF01 read (CSB = L, W/RB = H, MBB = L). Data in the FIF01 output register has been 
read from the FIFO. 

Figure 11. Timing for AEB When FIF01 Is Almost Empty 



<w — \ c~^—J — s / — \—j — \ r 

|»- tsk2+ -*l 

CLKA "A J \_JTa \ 



tpdfC-AE) -j« H tpd(C-AE) U H 

AEA X2 Words in FIFQ2 > (X2 + 1) Words in FIF02 ! i 

ts U (EN)^ r ,h(EN > 

«* ///////^ 

t t S k2 is the minimum time between a rising CLKB edge and a risin g CL KA edge for AEA to transition high in the next CLKA cycle. If the time between 

the rising CLKB edge and r ising CLKA edge is less than t s j<2, AE A may transition high one CLKA cycle later than shown. 
NOTE A: FIF02 write (CSB - L, W/RB = L, MBB = L), FIF02 read (CSA = L, W/RA = L, MBA = L). Data in the FIF02 output register has been 
read from the FIFO. 

Figure 12. Timing for AEA When FIF02 Is Almost Empty 
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!«— t sk2 t -H 

clka f — s r — s / — k m — s r* — \. 



ena ^////^|<S\SSS\S i 



I 



tpd(C-AF) — H W I tpd(C-AF) H« 



AFA [256 -(Y1 + 1)] Words in FIF01 V (256- Y1) Words In FIFQ1 jr 



ENB 



/ \ / \ — s / s r 



t t S k2 is the minimum time between a rising CLKA edge and a risi ng CL KB edge for AFA to transition high in the next CLKA cycle. If the time between 

the rising CLKA edge and r ising CLKB edge is less than t S |<2, AFA may transition high one CLKB cycle later than shown. 
NOTE A: FIF01 write (CSA = L, W/RA = H, MBA = L), FIFOI read (CSB = L, W/RB = H, MBB = L). Data in the FIF01 output register has been 
read from the FIFO. 

Figure 13. Timing for AFA When FIF01 Is Almost Full 



N— t sk2 t -*| 

clkb y s r~\ / — |^_J^ V 

t su(EN) l^ ^(EN) , 

enb //y>////r\\S\\\V\ 



tpd(C-AF)N- W T tpd(C-AF) 



AFB [256 - (Y2 + 1)] Words In FIF02 



\ (256 - Y2) Words In FIFQ2 j r 

I 



CLKA 



ENA 



j — ^ / — ^ t — ^ / — \_y 

tsu(EN) k-=t( |*-' h ( EN > 



t t S k2 is the minimum time between a rising CLKB edge and a rising CLKA edge for AFB to transition high in the next CLKB cycle. If the time between 

the rising CLKB edge and r ising CLKA edge is less than t S |<2, AF B may transition high one CLKA cycle later than shown. 
NOTE A: FIF02 write (CSB = L, W/RB= L, MBB = L), FIF02 read (CSA = L, W/RA = L, MBA = L). Data in the FIF02 output register has been 
read from the FIFO. 

Figure 14. Timing for AFB When FIF02 Is Almost Full 
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CLKA / 



jT 



CSA 



t su(EN) U_^ h th(EN> 

— CD 



r 



w/ra V////////ZZ3C 



MBA 



ena -tzzzzzzzzzzz^ 

'su(D) K 



_=jJ |«-th(D) 



ao-a35 ^xVxVx^xVx^r^^^ 



CLKB /" 



MBF1 



CSB 



MBB 



-/ " 

tpd(C-MF) -*j 



V 

tpd(C-MF) -*l 

r 



\\\\\\\\\v 



ENB 



B0-B35 



-»j <pd(M-DV) 
-! * tpd(C-MR) 



P777T 



tdis 



FIF01 Output Register 



^ C>666^k W1 (remains valid in main register after read) 



Figure 15. Timing for Mai 11 Register and MBF1 Flag 
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CLKB /" 



tsu(EN) U- 



CSB 



th(EN) 



w/rb ssssssssssss\ 



MBB ^ 



ENB 



fey- 



<3U(D) K- 



|*- l h(D) 



B0-B35 K^X^XW^TI^^ 
CLKA / 



MBF2 



CSA 



W — T 

f- tpd(C-MF) 

1 V 



|«— tpd(C-MF) -*l 



W/RA '//////A 



MBA 
ENA 

A0-A35 



1 1 

-M- 



t su(EN) l — J»-j th(EN) 

6777% ^\ 



tenk- 



| «pd(M-DV) 

-*j *pd(C-MR) 



'dls 



FIF02 Output Register 



^I gXyxV^k W1 (remains valid In mall2 register after read) ) L 



Figure 16. Timing for Mail2 Register and MBF2 Flag 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, V<x -0-5 V to 7 V 

Input voltage range, V| (see Note 1) -0.5 V to Vcc + 0-5 V 

Output voltage range, Vq (see Note 1 ) -0.5 V to Vcc + °- 5 v 

Input clamp current, I|k (V| < 0 or V| > Vcc) ±20 mA 

Output clamp current, Iqk ( v O < 0 or Vq > Vcc) ±50 mA 

Continuous output current, \q (Vq = 0 to Vcc) ±50 mA 

Continuous current through Vcc or ^ ND • • • ±400 mA 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output voltage ratings may be exceeded provided the input and output current ratings are observed. 



recommended operating conditions 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


V 


V|L 


Low-level input voltage 


0.8 


V 


'OH 


High-level output current 


-4 


mA 


lOL 


Low-level output current 


8 


mA 


T A 


Operating free-air temperature 


0 


70 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


VOH 


VCC = 4 - 5 v > 'OH = -4 mA 


2.4 


V 


vol 


V C C = 4.5V, l 0 L = 8mA 


0.5 


V 


ii 


Vcc = 5.5 V, V| = Vcc c 0 


±5 


HA 


ioz 


VCC = 5.5 V, Vo = Vcc or 0 


±5 


UA 


ice 


Vcc = 5.5 V, V| = Vcc " 0.2 V or 0 


400 


MA 


Alec* 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


CSA = V| H 


A0-A35 


0 


mA 


CSB = V| H 


B0-B35 


0 


CSA = V| L 


A0-A35 


1 


CSB = V||_ 


B0-B35 


1 


All other inputs 


1 


Q 


V| = 0, f = 1 MHz 


4 


PF 


Co 


Vq = 0, f = 1 MHz 


8 


PF 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

$ This is the supply current when each input is at one of the specified TTL voltage levels rather than 0 V or Vcc- 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 16) 





ACT3622-15 


ACT3622-20 


ACT3622-30 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


*clock Clock frequency, CLKA or CLKB 


66.7 


50 


33.4 


MHz 


t c Clock cycle time, CLKA or CLKB 


15 


20 


30 


ns 


t W (CLKH) Pulse duration, CLKA and CLKB high 


6 


8 


10 


ns 


t W (CLKL) Pulse duration, CLKA and CLKB low 


6 


8 


10 


ns 


t su(D) Setup time, AO- A35 before CLKAt and B0- B35 before CLKBt 


4 


5 


6 


ns 


Setup time, CSA, W/RA, ENA, and MBA before CLKAt; CSB, 
tsu(EN) w/RB, ENB, and MBB before CLKBt 


4.5 


5 


6 


ns 


t SU (RS) Setup time, RSTT or RS?2 low before CLKAt or CLKBt§ 


5 


6 


7 


ns 


t SU (FS) Setup time, FS0 and FS1 before RST1 and RST2 high 


7.5 


8.5 


9.5 


ns 


t n (D) Hold time, A0-A35 after CLKAt and B0-B35 after CLKBt 


0 


0 


0 


ns 


Hold time, CSA, W/RA, ENA, and MBA after CLKAt; CSB, W/RB, 
th(EN) ENB, and MBB after CLKBt 


0 


0 


0 


ns 


*h(RS) Ho!d time - RSTT or RST2 low after CLKAt or CLKBt§ 


4 


4 


5 


ns 


th(FS) Ho10, time . FS0 and FS1 after RST1 and RST2 high 


1 


2 


2 


ns 


, m Skew time between CLKAt and CLKBt for ORA, ORB, IRA, and 

t8k1* |RB 


7.5 


9 


11 


ns 


, « Skew time between CLKAt and CLKBt for AEA, AEB, AFA, and 
tsk2^ AFB 


12 


16 


20 


ns 



§ Requirement to count the clock edge as one of at least four needed to reset a FIFO 
Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between CLKA cycle and 
CLKB cycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C L = 30 pF (see Figures 1 through 16) 



PARAMETER 


'ACT3622-15 


'ACT3622-20 


'ACT3622-30 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


t a Access time, CLKAt to A0-A35 and CLKBt to B0-B35 


3 


11 


3 


13 


3 


15 


ns 


tpd(C-IR) 


Propagation delay time, CLKAt to IRA and CLKBt to IRB 


2 


8 


2 


10 


2 


12 


ns 


tpd(C-OR) 


Propagation delay time, CLKAt to ORA and CLKBt to ORB 


1 


8 


1 


10 


1 


12 


ns 


tpd(C-AE) 


Propagation delay time, CLKAt to AEA and CLKBt to AEB 


1 


8 


1 


10 


1 


12 


ns 


tpd(C-AF) 


Propagation delay time, CLKAt to AFA and CLKBt to AFB 


1 


8 


1 


10 


1 


12 


ns 


tpd(C-MF) 


Propagation delay time, CLKAt to MBF1 low or MBF2 high and 
CLKBt to MBF2 low or MBF1 high 


0 


8 


0 


10 


0 


12 


ns 


tpd(C-MR) 


Propagation delay time, CLKAt to BO- B35t and CLKBt to 
A0-A35* 


3 


13.5 


3 


15 


3 


17 


ns 


tpd(M-DV) 


Propagation delay time, MBA to AO- A35 valid and MBB to 
B0-B35 valid 


3 


11 


3 


13 


3 


15 


ns 


tpd(R-F) 


Propagation delay time, RST1 low to AEB low, AFA high, and 
MBF1 high, and RST2 low to AEA low, AFB high, and MBF2 high 


1 


15 


1 


20 


1 


30 


ns 


*en 


Enable time, CSA and W/RA low to A0-A35 active and CSB low 
and W/RB high to BO - B35 active 


2 


12 


2 


13 


2 


14 


ns 


*dis 


Disable time, CSA or W/RA high to AO- A35 at high impedance 
and CSB high or W/RB low to B0-B35 at high impedance 


1 


11 


1 


12 


1 


14 


ns 



t Writing data to the rnaih register when the B0-B35 outputs are active and MBB is high 
$ Writing data to the mail2 register when the AO- A35 outputs are active and MBA is high 
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TYPICAL CHARACTERISTICS 



SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 



300 



'data 
T A = 


= 1/2 f c 
75°C 


lock 










r». _ 

C L = 


u pr 




vc 


;c = 5.s 


V y 






V 


CC = 5 


V— v 


















vcc = - 


1.5 V 































0 10 20 30 40 50 60 70 
f C lock - Clock Frequency - MHz 
Figure 17 



calculating power dissipation 

With lcc(f) taken from Figure 17, the dynamic power (P^) based on all data outputs changing states on each 
read can be calculated by: 

Pd = V C C x OcC(f) + (N x AI CC x dc)] + S(C L x V CC 2 * W 

A more accurate total power (Pj) can be calculated if quiescent power (Pq) is also taken into consideration. 
Quiescent power (P q ) can be calculated by: 

Pq = V cc x [l C C(l) + (N x AI C c x dc)] 

Total power would be: 



P T =P d + P q 

The above equations provide worst-case power calculations. 



Where: 




N 


= number of inputs driven by TTL levels 


A, CC 


= increase in power supply current for each input at a TTL high level 


dc 


= duty cycle of inputs at a TTL high level of 3.4 V 


c L 


= output capacitance load 


fo 


= switching frequency of an output 


! CC(I) 


= idle current, supply current when FIFO is idle « pF x f C | 0ck = 0.2 x f C | 0C |< 


(current is due to free-running clocks) 


PF 


= power factor 


•cow 


= active current, supply current when FIFO is transferring data 
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PARAMETER MEASUREMENT INFORMATION 

5V 



From Output 
Under Test 



680 ft 



1.1 kO 



30 pF 

(see Note A) 



LOAD CIRCUIT 



Timing 
Input 



3V 
GND 



Data, \J 3V 

Enable /1-5V \l.5V 
Input — / X — 



GND 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



High-Level 
Input 



Low-Level 
Input 



1.5 V 



3V 
GND 

3V 
GND 



VOLTAGE WAVEFORMS 
PULSE DURATIONS 



Output 
Enable 



Low-Level 
Output 



High-Level 
Output 




VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 



Input /1.5 V 
tpd"*— ^ 



— 3V 

— GND 



In-Phase 
Output 



N *-t pd 

^M.5V N^1.5V 



VOH 

vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



NOTE A: Includes probe and jig capacitance 

Figure 18. Load Circuit and Voltage Waveforms 
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Free-Running CLKA and CLKB Can Be 
Asynchronous or Coincident 

Two Independent 512 x 32 Clocked FIFOs 
Buffering Data in Opposite Directions 
Read Retransmit Capability From FIFO on 
PortB 

Mailbox-Bypass Register for Each FIFO 

Programmable Almost-Full and 
Almost-Empty Flags 

Microprocessor Interface Control Logic 



IRA, ORA, AEA, and AFA Flags 

Synchronized by CLKA 

IRB, ORB, AEB, and AFB Flags 

Synchronized by CLKB 

Low-Power 0.8-Micron Advanced CMOS 

Technology 

Supports Clock Frequencies up to 67 MHz 
Fast Access Times of 11 ns 
Available in Space-Saving 120-Pin Thin 
Quad Flat (PCB) and 132-Pin Quad Flat 
(PQ) Packages 



PCB PACKAGE 
(TOP VIEW) 



Cl <. (< 
Z < CC O ULILLI 

o9t Oz « 



Li. 



DC^ 



?2Sg 
Qh U.Z 
DC DC DC O 



O t- 

CO CO 



CSAC 
W/RAC 

ENA, 
CLKAC 

v C c£ 

A31 E 
A30C 

GNDC 
A29C 
A28C 
A27LT 
A26C 
A25C 
A24C 
A23C 

GNDC 
A22C 

Vcc«= 

A21 C 
A20C 
A19C 
A18C 
GNDC 
A17C 
A16C 
A15C 
A14C 
A13C 

Vcc^ 

A12C 



nnn nnn'nfi Fin nn nnnnnnnnnnnnn 

OfllCOts,(OinT*fOW-00)COS<Dlfl'*COC\l _ _ . 



CO CD 
U_0 DC 

|<zo 

nnn 



CQ O 



OH 



o t- w n w 

UUUUUUUUUUUUUUUUUUUUlJLJULJLJUUU 

! £2 3t !fi Q <g q 



90 □ 
89 □ 
88 1 
87 □ 
86 □ 
85 □ 
84 □ 
83 □ 
82 □ 
81 □ 
80 □ 
79 □ 
78 □ 
77 □ 
76 □ 
75 □ 
74 □ 
73 □ 
72 □ 
71 □ 
70 □ 
69 □ 
68 □ 
67 □ 
66 □ 
65 □ 
64 □ 
63 □ 
62 □ 
61 □ 



O t- CVJ 
CO CD CQ 



0 



0 



0 



CO CD CQ ^ m n 



N CO O) 
CQ CQ CQ 



nrr 

O T- 

5 CQ 



C_SB 

W/RB 

ENB 

CLKB 

GND 

B31 

B30 

B29 

B28 

B27 

B26 

Vcc 

B25 

B24 

GND 

B23 

B22 

B21 

B20 

B19 

B18 

GND 

B17 

B16 

Vcc 

B15 
B14 
B13 
B12 
GND 



NC - No internal connection 
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description 

The SN74ACT3638 is a high-speed, low-power CMOS clocked bidirectional FIFO memory. It supports clock 
frequencies up to 67 MHz and has read access times as fast as 11 ns. Two independent 512 x 32 dual-port 
SRAM FIFOs on board the chip buffer data in opposite directions. The FIFO memory buffering data from port 
A to port B has retransmit capability, which allows previously read data to be accessed again. Each FIFO has 
flags to indicate empty and full conditions and two programmable flags (almost full and almost empty) to indicate 
when a selected number of words is stored in memory. Communication between each port can bypass the 
FIFOs via two 32-bit mailbox registers. Each mailbox register has a flag to signal when new mail has been 
stored. Two or more devices can be used in parallel to create wider data paths. 

The SN74ACT3638 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable 
signals. The continuous clocks for each port are independent of one another and can be asynchronous or 
coincident. The enables for each port are arranged to provide a simple bidirectional interface between 
microprocessors and/or buses with synchronous control. 

The input-ready (IRA, IRB) flags and almost-full (AFA, AFB) flags of the SN74ACT3638 are two-stage 
synchronize d to the port clock that writes data to its array. The output-ready (ORA, ORB) flags and almost-empty 
(AEA, AEB) flags of the SN74ACT3638 are two-stage synchronized to the port clock that reads data from its 
array. Offsets for the almost-full and almost-empty flags of both FIFOs can be programmed from port A. 

The SN74ACT3638 is characterized for operation from 0°C to 70°C. 

For more information on this device family, see the application report FIFO Mailbox-Bypass Registers: Using 
Bypass Registers to Initialize DMA Control in the 1996 High-Performance FIFO Memories Designer's 
Handbook, literature number SCAA01 2A. 
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functional block diagram 
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Terminal Functions 



TFRMINAI 
1 CrMVIIIHML. 

NAME 


I/O 


DESCRIPTION 


AO— A31 


I/O 


Pnrt-A Hata Thp. hirlifAntinnal Hata nnrt fnr c'iHa A 
i ui i r\ Udid. i nc uu uivjii cuuui idi Udid fjui i iui blue r\. 


AEA 


o 

(port A) 


Pnrt-A almnct-omntv flan Prnnrammahlo almnct-omnt\/ flan Q\/n^hmni7PH tn Cl\ KA AFA ic. Inw whpn th(* numhpr nf 
i ui i r\ din lUbi ei i <yiy iidy. ■ luy idl I ii i iduie dii I lUbi ei i luiy nay oyi iui iiui u«.eu l^j wi—iyta. aai_aa io iuvy wiieii uio iiuiiiuei ui 

words in FIF02 is less than or equal to the value in the almost-empty A offset register, X2. 


AEB 


(port B) 


Pnrt_D olmrtet.omnh/ flan Drnnrammahla almnoi.amnh/ flan ewnnhmniTarl tn C*.\ VCR APR ic ln\A/ u/han tho nnmKor nf 

ron-D airnosi-ernpiy iiay. rTogramrndDie dimusi-ornpiy nay byriurirunitou iu uLrxu. mcd ib iuw whom me iiumuei ui 
words in FIF01 is less than or equal to the value in the almost-empty B offset register, X1 . 


AFA 


(port A) 


Pnrt A olmnetJi ill flan Drn/irammaKIa almnc+_fi ill flan e\/nnktrnni7a/H tn f^A l^A AFA ic ln\A/ u/hfln thct niimhor nf omntw 
r OH A aimOSX-TUII Tleig. r rogr arniTlaOIB aliTlUSl-TUII Tlog byncrirUlllZoU IU Ol_r\M. r\l M lb IUW Wllcll Ule HUlllUei UI oillUiy 

locations in FIF01 is less than or equal to the value in the almost-full A offset register, Y1. 


AFB 


n 

(port B) 


Pnrt-R almnct-fi ill flan Prnnrammahlo almnct-fi ill flan c\/nr»hrnni7orl tn fil KR AFR io. Inu/ u/hAn thft numhor nf omntu 
rUn-D allllUol "lull Ilag. ri Uy lalliniaule alillUbl-lUII I lay byllul 11 Ulll^eU IU uLi\D. r\i D Io IUW wiieii me nuiliuei ui Cliifjiy 

locations in FIF02 is less than or equal to the value in the almost full B offset register, Y2. 


DU — DO 1 


i/n 


Dnrt 13 /"lata Tho OO Kit Wn'ir^ntinnal n"a+a r\nrt fnr oiHa R 
rOn-D Uala. 1 lie 0£-Ull UlUireCilOllal Uala port IUI blue D. 


CLKA 


I 


Dnrt A r*\r\r*\s A io a nnrttirti iai ic rAr\f\s +Wat ewrtnhmrw^ao all rlata tranof are thrm mh nnrt A onrl ran Ko QCwn^hrrtnAi io 
rOn-n CIOCK. OLrV\ IS a COlUinUOUS CIOCK inal SyncniUniZco all uala llailSTers inr UUyil puil r\ ailU Udil Oc abyilUlliUilUUb 

or coincident to CLKB. IRA, ORA, AFA, and AEA are synchronous to the low-to-high transition of CLKA. 


CLKB 


1 


Port-B clock. CLKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
or coincident to CLKA. IRB, ORB, AFB, and AEB are synchronous to the low-to-high transition of CLKB. 


CSA 




Port-A chip select. CSA must be low to enable a low-to-high transition of CLKA to read or write data on port A. The 

AO— A*^1 ni itm itc are in the hinh-irnrtoriannp ctatp u/hAn (~l^A ic. hinh 
rvj r\<3 i uuiuuio die hi uio iiiyii imuoudiiue oldie wiioii v>oaa io iiiyii. 


CSB 




Port-B chip select. CSB must be low to enable a low-to-high transition of CLKB to read or write data on port B. The 
BO -B31 outputs are in the high-impedance state when CSB is high. 


ENA 


. 


Port-A enable. ENA must be high to enable a low-to-high transition of CLKA to read or write data on port A. 


ENB 




Port-B enable. ENB must be high to enable a low-to-high transition of CLKB to read or write data on port B. 


FS1 FSO 


1 


Flag-offset selects. The low-to-high transition of a FIFO reset input latches the values of FSO and FS1 . If either FSO 
or FS1 is high when a reset input goes high, one of three preset values is selected as the offset for the FIFO almost-full 
and almost-empty flags. If both FIFOs are reset simultaneously and both FSO and FS1 are low when RST1 and RST2 
go high, the first four writes to FIF01 program the almost-full and almost-empty offsets for both FIFOs. 


IRA 


0 

(port A) 


Port-A input-ready flag. IRA is synchronized to the low-to-high transition of CLKA. When IRA is low, FIF01 is full and 
writes to its array are disabled. When FIF01 is in retransmit mode, IRA indicates when the memory has been filled 
to the point of the retransmit data and prevents further writes. IRA is set low when FIF01 is reset and is set high on 
the second low-to-high transition of CLKA after reset. 


IRB 


0 

(port B) 


Port-B input-ready flag. IRB is synchronized to the low-to-high transition of CLKB. When IRB is low, FIF02 is full and 
writes to its array are disabled. IRB is set low when FIF02 is reset and is set high on the second low-to-high transition 
of CLKB after reset. 


MBA 


1 


Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A read or write operation. When the 
AO- A31 outputs are active, a high level on MBA selects data from the mail2 register for output and a low level selects 
FIF02 output-register data for output. 


MBB 


1 


Port-B mailbox select. A high level on MBB chooses a mailbox register for a port-B read or write operation. When the 
B0-B31 outputs are active, a high level on MBB selects data from the mail! register for output and a low level selects 
FIF01 output-register data for output. 


MBFT 


0 


MaiH register flag. MBFT is set low by the low-to-high transition of CLKA that writes data to the main register. Writes 
to the main register are inhibited while MBF1 is low. MBF1 is set high by a low-to-high transition of CLKB when a port-B 
read is selected and MBB is high. MBFT is set high when FIF01 is reset. 


MBF2 


0 


Mail2 register flag. MBF2 is set low by the low-to-high transition of CLKB that writes data to the mail2 register. Writes 
to the mail2 register are inhibited while MBF2 is low. MBF2 is set high by a low-to-high transition of CLKA when a port-A 
read is selected and MBA is high. MBF2 is set high when FIF02 is reset. 


ORA 


0 

(port A) 


Port-A output-ready flag. ORA is synchronized to the low-to-high transition of CLKA. When ORA is low, Fl F02 is empty 
and reads from its memory are disabled. Ready data is present on the output register of FIF02 when ORA is high. 
ORA is forced low when FIF02 is reset and goes high on the third low-to-high transition of CLKA after a word is loaded 
to empty memory. 
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Terminal Functions (Continued) 



TERMINAL 

KIAMC 
IMAMC 


I/O 


DESCRIPTION 


ORB 


(port B) 


Port-B output-ready flag. ORB is synchronized to the low-to-high transition of CLKB. When ORB is low, FIF01 is empty 
and reads from its memory are disabled. Ready data is present on the output register of FIF01 when ORB is high. 
ORB is forced low when Fl F01 is reset and goes high on the third low-to-high transition of CLKB after a word is loaded 
to empty memory. 


RDYA 


u 

(port A) 


rort-A reaay. a nign on w/ha selects tne inverted state ot iha tor output on huya, ana a low on w/ha selects tne 
inverted state of ORA for output on RDYA. 


RDYB 


0 

(port B) 


Port-B ready. A low on W/RB selects the inverted state of IRB for output on RDYB, and a high on W/RB selects the 
inverted state of ORB for output on RDYB. 


RFM 


1 


FIF01 read from mark. When FIFOI is in retransmit mode, a high on RFM enables a low-to-high transition of CLKB 
to reset the FIF01 read pointer to the retransmit location and output the first retransmit data. 


RSTT 


1 


FIF01 reset. To reset FIF01 , four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur 
while RST1 is low. The low-to-high transition of RST1 latches the status of FSO and FS1 for AFA and AEB offset 
selection. FIF01 must be reset upon power up before data is written to its RAM. 


no 1 c. 


> 
i 


FIF02 reset. To reset FIF02, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur 
wnne no i c. is iow. i ne low-xo-nign Transition ot no i c. latcnes ine status ot rou ana ro i Tor Aro ana acm onset 
selection. FIF02 must be reset upon power up before data is written to its RAM. 


RTM 


1 


FIF01 retransmit mode. When RTM is high and valid data is present on the output of FIF01 , a low-to-high transition 
of CLKB selects the data for the beginning of a FIF01 retransmit. The selected position remains the initial retransmit 
point until a low-to-high transition of CLKB occurs while RTM is low, which takes FIFO out of retransmit mode. 


W/RA 


1 


Port-A write/read select. A high on W/RA selects a write operation and a low selects a read operation on port A for 
a low-to-high transition of CLKA. The A0-A31 outputs are in the high-impedance state when W/RA is high. 


W/RB 


1 


Port-B write/read select. A low on W/RB selects a write operation and a high selects a read operation on port B for 
a low-to-high transition of CLKB. The B0-B31 outputs are in the high-impedance state when W/RB is low. 



detailed description 

reset 

The FIFO memories of the SN74ACT3638 are reset separately by taking their reset (RST1 , RST2) inputs low 
for at least four port-A clock (CLKA) and four port-B clock (CLKB) low-to-high transitions. The reset inputs can 
switch asynchronously to the clocks. A FIFO reset initializes the internal read and write pointer s and force s the 
input-ready flag (IRA, IRB) low, the output-ready flag (ORA, ORB) low, the almost-empty flag (AEA, AE B) low, 
and the almost-full flag (AFA, AFB) high. Resetting a FIFO also forces the mailbox flag (MBF1 , MBF2) of the 
parallel mailbox register high. After a Fl FO is reset, its input-ready flag is set high after two clock cycles to begin 
normal operation. A FIFO must be reset after power up before data is written to its memory. 

A low-to-high transition on a FIFO reset (RST1 , RST2) input latches the value of the flag-select (FSO, FS1) 
inputs for choosing the almost-full and almost-empty offset programming method (see almost-empty and 
almost-full flag offset programming) . 

almost-empty flag and almost-full flag offset programming 

Four registers in the SN74ACT3638 are used to hold the offset values for the almost-empty and almo st-fu ll flags. 
The port-B almost-empty flag (AEB) offset register is labeled X1 , and the port-A almost-empty flag (AEA) offset 
register is labeled X2. The port-A almost-full flag (AFA) offset register is labeled Y1 , and the port-B almost-full 
flag (AFB) offset register is labeled Y2. The index of each register name corresponds to its FIFO number. The 
offset registers can be loaded with preset values during the reset of a FIFO or they can be programmed from 
port A (see Table 1). 
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almost-empty flag and almost-full flag offset programming (continued) 



Table 1. Flag Programming 



FS1 


FSO 


RST1 


RST2 


X1 AND Y1 REGISTERSt 


X2 AND Y2 REGISTERSt 


H 


H 


T 


X 


64 


X 


H 


H 


X 


T 


X 


64 


H 


L 


T 


X 


16 


X 


H 


L 


X 


T 


X 


16 


L 


H 


T 


X 


8 


X 


L 


H 


X 


T 


X 


8 


L 


L 


t 


t 


Programmed from port A 


Programmed from port A 



t X1 register holds the offset for AEB ; Y1 register holds the offset for AFA . 
$ X2 register holds the offset for AEA; Y2 register holds the offset for AFB. 



To load the almost-empty flag and almost-full flag offset registers of a FIFO with one of the three preset values 
listed in Table 1 , at least one of the flag-select inputs must be high during the low-to-high transition of its reset 
i nput. F or example, to load the preset value of 64 into X1 and Y1 , FSO and FS1 must be high when FIF01 reset 
(RST1 ) returns high. Flag-off set reg isters associated with FIF02 are loaded with one of the preset values in the 
same way with FIF02 reset (RST2). When using one of the preset values for the flag offsets, the FIFOs can 
be reset simultaneously or at different times. 

To program the X1 , X2, Y1 , and Y2 registers from port A, both FIFOs should be reset simultaneously with FSO 
and FS1 low during the low-to-high transition of the reset inputs. After this reset is complete, the first four writes 
to FIF01 do not store data in RAM but load the offset registers in the order Y1 , X1 , Y2, X2. Each offset register 
uses port-A (A8-A0) inputs, with A8 as the most-significant bit. Each register value can be programmed from 
1 to 508. After all the offset registers are programmed from port A, the port-B input-ready flag (IRB) is set high 
and both FIFOs begin normal operation. 

FIFO write/read operation 

The state of the port^A data (A0-A31) outputs is controlled by the port-A chip select (CSA ) and the port-A 
write/read select (W/RA). The A0-A31 outputs a re in the higrnmpedance state when either CSA or W/RA is 
high. The A0-A31 outputs are active when both CSA and W/RA are low. 

Data is loaded into FIF01 from the A0-A31 inputs on a low-to-high transition of CLKA when CSA is low, W/RA 
is high, ENA is high, MB A is low , and IRAis high. Data is read from FIF02 to the AO- A31 outputs by a low-to-high 
transition of CLKA when CSA is low, W/RA is low, ENA is high, MBA is low, and ORA is high (see Table 2). FIFO 
reads and writes on port A are independent of any concurrent port-B operation. 



Table 2. Port-A Enable Function Table 



CSA 


W/RA 


ENA 


MBA 


CLKA 


A0-A31 OUTPUTS 


PORT FUNCTION 


H 


X 


X 


X 


X 


In high-impedance state 


None 


L 


H 


L 


X 


X 


In high-impedance state 


None 


L 


H 


H 


L 


T 


In high-impedance state 


FIF01 write 


L 


H 


H 


H 


T 


In high-impedance state 


MaiM write 


L 


L 


L 


L 


X 


Active, FIF02 output register 


None 


L 


L 


H 


L 


T 


Active, FIF02 output register 


FIF02 read 


L 


L 


L 


H 


X 


Active, mail2 register 


None 


L 


L 


H 


H 


T 


Active, mai!2 register 


Mail2 read (set MBF2 high) 
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FIFO write/read operation (continued) 

The port-B control signals are identical to those of port A with the exception that the port-B write/read select 
(W/RB) is the inverse of the port-A write/re ad select (W/RA). The state of theport-B data (B0-B31 ) outputs is 
controlled by the port-B chip select (CS B) an d the ponVB write/read select (W/RB). The B0-B31 output s are 
in the high-impedance state when either CSB is high or W/RB is low. The B0-B31 outputs are active when CSB 
is low and W/RB is high. 

Data is loaded into FIF02 from the B0-B31 inputs on a low-to-high transition of CLKB when CSB is low, W/RB 
is low, ENB is high, MBB is low , and IRB is high. Data is read from FIF01 to the B0-B31 outputs by a low-to-high 
transition of CLKB when CSB is low, W/RB is high, ENB is high, MBB is low, and ORB is high (see Table 3). FIFO 
reads and writes on port B are independent of any concurrent port-A operation. 



Table 3. Port-B Enable Function Table 



CSB 


W/RB 


ENB 


MBB 


CLKB 


B0-B31 OUTPUTS 


PORT FUNCTION 


H 


X 


X 


X 


X 


In high-impedance state 


None 


L 


L 


L 


X 


X 


In high-impedance state 


None 


L 


L 


H 


L 


T 


In high-impedance state 


FIF02 write 


L 


L 


H 


H 


T 


In high-impedance state 


Mail2 write 


L 


H 


L 


L 


X 


Active, FIF01 output register 


None 


L 


H 


H 


L 


T 


Active, FIF01 output register 


FIF01 read 


L 


H 


L 


H 


X 


Active, maih register 


None 


L 


H 


H 


H 


T 


Active, maih register 


MaiH read (set MBFT high) 



The setup- and hold-time constraints to the port clocks for the port-chip selects and write/read selects are only 
for enabling write and read operations and are not related to high-impedance control of the data outputs. If a 
port enable is low during a clock cycle, the port-chip select and write/read select can change states during the 
setup- and hold-time window of the cycle. 

When a FIFO output-ready flag is low, the next data word is sent to the FIFO output register automatically by 
the low-to-high transition of the port clock that sets the output-ready flag high. When the output-ready flag is 
high, an available data word is clocked to the FIFO output register only when a FIFO read is selected by the 
port-chip select, write/read select, enable, and mailbox select. 

synchronized FIFO flags 

Each FIFO is synchronized to its port clock through at least two flip-flop stages. This is done to improve 
flag-signal reliability by reducing the probability of metastable events when CLKA and CLKB operate 
asynchronously to one another (see the application report Metastability Performance of C locke d FIFOs i n the 
1 996 High-Performance FIFO Me morie s Data Book, literature number SCAD003C). ORA, AEA, IRA, and AFA 
are synchronized to CLKA. ORB, AEB, IRB, and AFB are synchronized to CLKB. Tables 4 and 5 show the 
relationship of each port flag to FIF01 and FIF02. 



11-114 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN74ACT3638 
512 x 32 x 2 

CLOCKED BIDIRECTIONAL FIRST-IN, FIRST-OUT MEMORY 

SCAS228C - JUNE 1992 - REVISED SEPTEMBER 1995 



synchronized FIFO flags (continued) 



Table 4. FIF01 Flag Operation 



NUMBER OF WORDS 
IN FIFOltt 


SYNCHRONIZED 
TO CLKB 


SYNCHRONIZED 
TO CLKA 


ORB 


AEB 


AFA IRA 


0 


L 


L 


H H 


1 toX1 


H 


L 


H H 


(X1 +1)to[512-(Y1 +1)] 


H 


H 


H H 


(512-Y1)to511 


H 


H 


L H 


512 


H 


H 


L L 



t XI is the almost-empty offset for FIF01 used by AEB. Y1 is the almost-full 
offset for FIF01 used by AFA. Both X1 and Y1 are selected during a reset of 
FIF01 or programmed from port A. 

t When a word loaded to an empty FIFO is shifted to the output register, its 
previous FIFO memory location is free. 



Table 5. FIF02 Flag Operation 



NUMBER OF WORDS 
IN FIF02*§ 


SYNCHRONIZED 
TO CLKA 


SYNCHRONIZED 
TO CLKB 


ORA 


AEA 


AFB IRB 


0 


L 


L 


H H 


1toX2 


H 


L 


H H 


(X2 + 1)to[512-(Y2+1)] 


H 


H 


H H 


(512-Y2)to511 


H 


H 


L H 


512 


H 


H 


L L 



i When a word loaded to an empty FIFO is shifted to the output register, its 

previous FIFO memory location is free. 

§X2 is the almost-empty o ffset for FIF02 used by AEA. Y2 is the almost-full 

offset for FIF02 used by AFB. Both X2 and Y2 are selected during a reset 

of FIF02 or programmed from port A. 



output-ready flags (ORA, ORB) 

The output-ready flag of a FIFO is synchronized to the port clock that reads data from its array. When the 
output-ready flag is high, new data is present in the FIFO output register. When the output-ready flag is low, the 
previous data word is present in the FIFO output register and attempted FIFO reads are ignored. 

A FIFO read pointer is incremented each time a new word is clocked to its output register. The state machine 
that controls an output-ready flag monitors a write-pointer and read-pointer comparator that indicates when the 
FIFO SRAM status is empty, empty+1 , or empty+2. From the time a word is written to a FIFO, it can be shifted 
to the FIFO output register in a minimum of three cycles of the output-ready flag synchronizing clock; therefore, 
an output-ready flag is low if a word in memory is the next data to be sent to the FIFO output register and three 
cycles of the port clock that reads data from the FIFO have not elapsed since the time the word was written. 
The output-ready flag of the FIFO remains low until the third low-to-high transition of the synchronizing clock 
occurs, simultaneously forcing the output-ready flag high and shifting the word to the FIFO output register. 

A low-to-high transition on an output-ready flag synchronizing clock begins the first synchronization cycle of a 
write if the clock transition occurs at time t S ki , or greater, after the write. Otherwise, the subsequent clock cycle 
can be the first synchronization cycle (see Figures 7 and 8). 
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input-ready flags (IRA, IRB) 

The input-ready flag of a Fl FO is synchronized to the port clock that writes data to its array. When the input-ready 
flag is high, a memory location is free in the SRAM to receive new data. No memory locations are free when 
the input-ready flag is low and attempted writes to the FIFO are ignored. 

Each time a word is written to a FIFO, its write pointer is incremented. The state machine that controls an 
input-ready flag monitors a write-pointer and read-pointer comparator that indicates when the FIFO SRAM 
status is full, full — 1 , or full— 2. From the time a word is read from a FIFO, its previous memory location is ready 
to be written in a minimum of two cycles of the input-ready flag synchronizing clock; therefore, an input-ready 
flag is low if less than two cycles of the input-ready flag synchronizing clock have elapsed since the next memory 
write location has been read. The second low-to-high transition on the input-ready flag synchronizing clock after 
the read sets the input-ready flag high. 

A low-to-high transition on an input-ready flag synchronizing clock begins the first synchronization cycle of a 
read if the clock transition occurs at time t s ki , or greater, after the read. Otherwise, the subsequent clock cycle 
can be the first synchronization cycle (see Figures 9 and 10). 

ready flags (RDYA ) WYB) 

A ready flag is provided on each port to show if the transm itting o r receiving FIFO chosen by the port write/read 
select is available for data transfer. The port-A ready flag (RDYA) outputs the complement of th e IRA fl ag when 
W/RA is high and the complement ofjhe ORA flag when W/RA is low. The port-B ready flagJRDYB) outputs 
the complement of the IRB flag when W/RB is low the the complement of the ORB flag when W/RB is high (see 
Figures 11 and 12). 

almost-empty flags (AEA, AEB) 

The almost-empty flag of a FIFO is synchronized to the port clock that reads data from its array. The state 
machine that controls an almost-empty flag monitors a write-pointer and read-pointer comparator that indicates 
when the FIFO SRAM status is almost e mpty, almost empty+1 , o r almo st empty+2. The almost-empty state is 
defined by the contents of register X1 for AEB and register X2 for AEA. These registers are loaded with preset 
values during a FIFO reset or programmed from port A (see almost-empty flag and almost-full flag offset 
programming). A FIFO is almost empty when it contains X or less words in memory and is no longer almost 
empty when it contains (X + 1) or more words. Note that a data word present in the FIFO output register has 
been read from memory. 

Two low-to-high transitions of the almost-empty flag synchronizing clock are required after a FIFO write for its 
almost-empty flag to reflect the new level of fill; therefore, the almost-empty flag of a FIFO containing (X + 1) 
or more words remains low if two cycles of its synchronizing clock have not elapsed since the write that filled 
the memory to the (X + 1) level. An almost-empty flag is set high by the second low-to-high transition of its 
synchronizing clock after the FIFO write that fills memory to the (X + 1) level. A low-to-high transition of an 
almost-empty flag synchronizing clock begins the first synchronization cycle if it occurs at time t S k2, or greater, 
after the write that fills the FIFO to (X + 1 ) words. Otherwise, the subsequent synchronizing clock cycle can be 
the first synchronization cycle (see Figures 13 and 14). 

almost-full flags (AFA f AFB) 

The almost-full flag of a FIFO is synchronized to the port clock that writes data to its array. The state machine 
that controls an almost-full flag monitors a write-pointer and read-pointer comparator that indicates when the 
Fl FO SRAM stat us is almost full, almost full — 1 , or almost full-2. The almost-full state is defined by the contents 
of register Y1 for AFA and register Y2 for AFB. These registers are loaded with preset values during a Fl FO reset 
or programmed from port A (see almost-empty flag and almost-full flag offset programming). A FIFO is almost 
full when it contains (512- Y) or more words in memory and is not almost full when it contains [512- (Y+ 1)] 
or less words. A data word present in the FIFO output register has been read from memory. 
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almost-full flags (AFA, AFB) (continued) 

Two low-to-high transitions of the almost-full flag synchronizing clock are required after a FIFO read for its 
almost-full flag to reflect the new level of fill; therefore, the almost-full flag of a FIFO containing [51 2 - (Y + 1 )] 
or less words remains low if two cycles of its synchronizing clock have not elapsed since the read that reduced 
the number of words in memory to [512 - (Y + 1)]. An almost-full flag is set high by the second low-to-high 
transition of its synchronizing clock after the FIFO read that reduces the number of words in memory to 
[512 - (Y + 1)]. A low-to-high transition of an almost-full flag synchronizing clock begins the first synchronization 
cycle if it occurs at time t S k2, or greater, after the read that reduces the number of words in memory to 
[512 - (Y + 1)]. Otherwise, the subsequent synchronizing clock cycle may be the first synchronization cycle 
(see Figures 15 and 16). 

synchronous retransmit 

The synchronous retransmit feature of the SN74ACT3638 allows FIF01 data to be read repeatedly starting at 
a user-selected position. FIF01 is first put into retransmit mode to select a beginning word and prevent on-going 
FIFO write operations from destroying retransmit data. Data vectors with a minimum length of three words can 
retransmit repeatedly starting at the selected word. FIF01 can be taken out of retransmit mode at any time and 
allow normal operation. 

FIF01 is put in retransmit mode by a low-to-high transition on CLKB when the retransm it-mode (RTM) input is 
high and ORB is high. This rising CLKB edge marks the data present in the FIF01 output register as the first 
retransmit data. FIF01 remains in retransmit mode until a low-to-high transition occurs while RTM is low. 

When two or more reads have been completed past the initial retransmit word, a retransmit is initiated by a 
low-to-high transition on CLKB when the read-from-mark (RFM) input is high. This rising CLKB edge shifts the 
first retransmit word to the FIF01 output register and subsequent reads can begin immediately. Retransmit 
loops can be done endlessly while FIF01 is in retransmit mode. RFM should not be high during the CLKB rising 
edge that takes the FIF01 out of retransmit mode. 

When FIF01 is put into retransmit mode, it operates with two read pointers. The current read pointer operates 
norm ally, incrementing each time a new word is shifted to the FIF01 output register and used by the ORB and 
AEB flags. The shadow read pointer stores the SRAM location at the time FIF01 is put into retransmit mode 
and does not change until FIF01 is taken out of retransmit mode. The sh adow read pointer is used by the IRA 
and AFA flags. Data writes can proceed while FIF01 is in retransmit mode, AFA is set low by the write that stores 
(512 -Y1) words after the first retransmit word, and I R is set low by the 51 2th write after the first retransmit word. 

When FIF01 is in retransmit mode and RFM is high, a rising CLKB edge loads the current read pointer with the 
shadow read-pointer value and the ORB flag reflects the new level of fill immediately. If the retransmit changes 
the FIF01 statu s out of the almost-empty range, up to two CLKB rising edges after the retransmit cycle are 
needed to switch AEB high (see Figure 18). The rising CLKB edge that takes FIF01 out of retransmit mode shifts 
the read pointer used by the IR A and AFA flags from the shadow to the current read pointer. If the change of 
read pointer used by IRA and AFA should cause one or both flags to transition high, at least two CLKA 
synchronizing cycles are needed before the flags reflect the change. A rising CLKA edge after FIF01 is taken 
out of retransmit mode is the first synchronizing cycle of IRA if it occurs at time t S |<i or greater after the rising 
CLKB edge (see Figu re 19 ). A rising CLKA edge after FIF01 is taken out of retransmit mode is the first 
synchronizing cycle of AFA if it occurs at time t S k 2 , or greater, after the rising CLKB edge (see Figure 20). 

mailbox registers 

Each FIFO has a 32-bit bypass register to pass command and control information between port A and port B 
without putting it in queue. The mailbox-select (MBA, MBB) inputs choose between a mail register and a FIFO 
for a port-data-transfer operation. A low -to-high transition on CLKA writes A0-A31 data to the main register 
when a port-A write is selected by CSA, W/RA, and ENA and with MBA hi gh. A low-to-high transition on CLKB 
writes BO- B31 data to the mail2 register when a port-B write is selecte d by CSB , W/RB, and ENB and with MBB 
high. Writing data to a mail register sets its corresponding flag (MBF1 or MBF2) low. Attempted writes to a mail 
register are ignored while the mail flag is low. 
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mailbox registers (continued) 

When data outputs of a port are active, the data on the bus comes from the FIFO output register when the 
port-mailbox- select input is low and from the mail register when the port-mailbox-select input is high. The main 
register flag (MBF1) is set high by a low-to-high transition o n CLKB when a port-B read is selected by CSB, 
W/RB, and ENB and with MBB high. Th e ma i!2 register flag (MBF2) is set high by a low-to-high transition on 
CLKA when a port-A read is selected by CSA, W/RA, and ENA and with MBA high. The data in a mail register 
remains intact after it is read and changes only when new data is written to the register. 
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Figure 1. FIF01 Reset Loading X1 and Y1 With a Preset Value of Eightt 

t FIF02 is reset in the same manner to load X2 and Y2 with a preset value. 
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t t s |<i is the minimum time between the rising CLKA edge and a rising CLKB edge for IRB to transition high in the next cycle. If the time between 

the risin g edge of CLKA and rising edge of CLKB is less than t S |<i , then IRB may transition high one cycle later than shown. 
NOTE A: CSA = L, W/RA = H, MBA = L. It is not necessary to program offset register on consecutive clock cycles. . 

Figure 2. Programming the Almost-Full Flag and Almost-Empty Flag Offset Values After Reset 
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Figure 3. Port-A Write-Cycle Timing for FIF01 
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Figure 4. Port-B Write-Cycle Timing for FIF02 
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Figure 5. Port-B Read-Cycle Timing for FIFO! 
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Figure 6. Port-A Read-Cycle Timing for FIF02 
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t t S ki is the minimum time between a rising CLKA edge and a rising CLKB edge for ORB to transition high and to clock the next word to the FIFOI 
output register in three CLKB cycles. If the time between the rising CLKA edge and rising CLKB edge is less than t S ki , then the transition of ORB 
high and load of the first word to the output register may occur one CLKB cycle later than shown. 

Figure 7. ORB-Flag Timing and First-Data-Word Fallthrough When FIF01 Is Empty 
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t t s ki is the minimum time between a rising CLKB edge and a rising CLKA edge for ORA to transition high and to clock the next word to the Fl F02 
output register in three CLKA cycles. If the time between the rising CLKB edge and rising CLKA edge is less than t S |<i , then the transition of ORA 
high and load of the first word to the output register may occur one CLKA cycle later than shown. 

Figure 8. ORA-Flag Timing and First-Data- Word Fallthrough When FIF02 Is Empty 
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t t S ki is the minimum time between a rising CLKB edge and a rising CLKA edge for IRA to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than t S ki , then IRA may transition high one CLKA cycle later than shown. 

Figure 9. IRA-Flag Timing and First Available Write When FIF01 Is Full 
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t tski is the minimum time between a rising CLKA edge and a rising CLKB edge for I RB to transition high in the next CLKB cycle. If the time between 
the rising CLKA edge and rising CLKB edge is less than t s |<i , then IRB may transition high one CLKB cycle later than shown. 

Figure 10. IRB-Flag Timing and First Available Write When FIF02 Is Full 
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Figure 12. W/RB to RDYB Timing 
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t t s k2 is the minimum time between a rising CLKA edge and a rising CL KB ed ge for AEB to transition high in the next CLKB cycle. If the time between 

the rising CLKA edge and r ising CLKB edge is less than t S |<2, then AEB maytransition high one CLKB cycle later than shown. 
NOTE B: FIF01 write (CSA = L, W/RA = H, MBA = L), FIF01 read (CSB = L, W/RB = H, MBB = L). Data in the FIF01 output register has been 
read from the FIFO. 

Figure 13. Timing for AEB When FIF01 Is Almost Empty 



<w — \ r~^—J — \ / — \ / — s r 

tsu ( EN) k^si r th(EN) 

f- «sk2t — *| 

CKA-\ / \_fl 



!«-tpd(C-AEH 




I u ^ 

AEA X2 Words in FIFQ2 / (X2 + 1) Words in FIF02 J 

ENA. .W//r^ 

t t s k2 is the minimum time between a rising CLKB edge and a rising CL KA ed ge for AEA to transition high in the next CLKA cycle. If the time between 

the rising CLKB edge and r ising CLKA edge is less than t s k2, then AEA may transition high one CLKA cycle later than shown. 
NOTE A: FIF02 write (CSB = L, W/RB = L, MBB = L), FIF02 read (CSA = L, W/RA = L, MBA = L). Data in the FIF02 output register has been 
read from the FIFO. 

Figure 14. Timing for AEA When FIF02 Is Almost Empty 
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- — 1 I 

m + 111 Words in FIFQ1 \ < 512 - "> wwh m HFOI 



tpd(C-AF) 



A. 



CLKB 



ENB 



-/ V 



S 



'su(EN)p— ft | 



4 



■\ r 



t t s k2 is the minimum time between a rising CLKA edge and a rising CL KB e dge for AFA to transition high in the next CLKA cycle. If the time between 

the rising CLKA edge and r ising CLKB edge is less than t s k2, then AFA maytransition high one CLKB cycle later than shown. 
NOTE A: FIF01 write (CSA = L, W/RA - H, MBA = L), FIF01 read (CSB = L, W/RB = H, MBB = L). Data in the FIF01 output register has been 
read from the FIFO. 

Figure 15. Timing for AFA When FIF01 Is Almost Full 



ENB 



//y/yyyj j\^\ 



i i 



tpd(C-AF)H »j | tpd(C-AF) 



AFB r512 - fY2 + 111 Words in FIFQ2 \ ( 512 ~ Y2 > FIF02 )r 



CLKA J ^ / ^ t — ^ r 

_ t su(EN) ]^«h(EN) 

ENA 



t t s k2 is the minimum time between a rising CLKB edge and a rising CL KA ed ge for AFB to transition high in the next CLKB cycle. If the time between 

the rising CLKB edge and r ising CLKA edge is less than t S k2, then AFB may transition high one CLKA cycle later than shown. 
NOTE A: FIF02 write (CSB - L, W/RB = L, MBB = L), FIF02 read (CSA = L, W/RA = L, MBA = L). Data in the FIF02 output register has been 
read from the FIFO. 

Figure 16. Timing for AFB When FIF02 Is Almost Full 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



11-127 



SN74ACT3638 
512 x 32 x 2 

CLOCKED BIDIRECTIONAL FIRST-IN, FIRST-OUT MEMORY 



SCAS228C - JUNE 1992 - REVISED SEPTEMBER 1995 



CLKB / \_ 



ENB 



RTM 



RFM 



ORB 



B0-B31 



tsu(EN) |' 

_£ZZ7 



th(EN) 



tsu(RM) |« — th(RM) 



jzzt 



High 



K-ta-»l 



tsu(EN) ft — ►j+H th(EN) 



i 



tsu(RM) | 



th(RM) 



ma 



tsu(RM) j« — th(RM) 



i*-t, 



wo 



Initiate Retransmit Mode 
With WO as First Word 



W1 



W2 



>a-l 



h-t a -*| 



Retransmit From 
Selected Position 



WO 



End Retransmit 
Mode 



W1 



NOTE A: CSB = L, W/RB = H, MBB = L. No input enables other than RTM and RFM are needed to control retransmit mode or begin a retransmit. 
Other enables are shown only to relate retransmit operations to the FIF01 output register. 

Figure 17. FIF01 Retransmit Timing Showing Minimum Retransmit Length 



CLKB / \_ 



RTM High 

tsu(RM) -K- 
RFM ///////J 



-th(RM) 



AEB 



X1 or Fewer Words From Empty 



a r 



j— tpd(C-AE) 



_/Kxi + 1)' 



or More Words From Empty 



NOTE A: X1 is the value loaded in the almost-full flag offset register. 
Figure 18. AEB Maximum Latency When Retransmit Increases the Number of Stored Words Above X1 
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CLKA 



IRA 



CLKB 



RTM 



■\ r 



tsklt 



S~2 \_ 



tpd(C-IR) f~ 



FIF01 Filled to First Retransmit Word 



Jr 



V 



>su(RM) \* — *\*-*\ 'h(RM) 



y 



r 



One or More FIF01 Write Locations 
Available 



t t s ki is the minimum time between a rising CLKB edge and a rising CLKA edge for IRA to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than t s |<-| , then IRA may transition high one CLKA cycle later than shown. 

Figure 19. IRA Timing From the End of Retransmit Mode When One or More 
FIF01 Write Locations Are Available 



k- t sk2 t -H 

clka — v j — 1 \ n — \_m — \ / — \ r 

I tpd(C-AE) H 

AFA (512 - Y1) or More Words Past First Retransmit Word ^ (YU 1) or More Write Locations Available 

I 



clkb _j \_j \ / \ r— \ r 



tsu(RM) !«—»}+-»! th(RM) 



t tsi^ is the minimum time between a rising CLKB edge and a rising CL KA e dge for AFA to transition high in the next CLKA cycle. If the time between 

the rising CLKB edge and rising CLKA edge is less than t s |<2, then AFA may transition high one CLKA cycle later than shown. 
NOTE A: Y is the value loaded in the almost-full flag offset register. 

Figure 20. AFA Timing From the End of Retransmit Mode When (Y1 + 1) or More 
FIF01 Write Locations Are Available 
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CLKA /" 



CSA 



\ 

<su(EN)j » 



1 



th(EN) 



w/ra YZZZZZZZZZZ3[ 



MBA 



vH-ZZZZZZZZZZZf 



tsu(D) K 



th(D) 



ao-a3i ^<x^xxyxv^r^t^^ 



CLKB /" 



MBF1 



CSB 



[<- tpd(C-MF) 

1 — V 



W,RB V/////J ( 



> 



MBB 



ENB 



B0-B31 



tsu(EN) U- 



JM 'h(EN) 



-»j *pd(M-DV) 

-* 'pd(C-MR) 



F1F01 Output Register 



j j ynwwnj . 

> 5666^< W1 (remains valid in main register after read) > - 



Figure 21. Timing for Mail! Register and MBF1 Flag 
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CLKB 



CSB 



r 



jT 



tau(EN) U— =g r 

■ — C Lr 



-<h(EN) 



A. 



W/RB 7 



y//////////^ 



MBB 



ENB 



B0-B31 



'/////////// f 

tsu(D) h" 



W1 



CLKA /" 



"X. 



MBF2 — — — 

CSA \. 
W/RA 



YZZZZZ^. 



MBA 
ENA 

A0-A31 



jxxxy 
i*-t h(D) 



" 

tpd(C-MF) -*| 



4 



(*- l pd(C-MF) -*l 



J 

jsssssssss^ 




^77? 



tpd(M-DV) 

* tpd(C-MR) 



K l ciis -*l 



FIF02 Output Register 



/ Q^^^y W1 (remains valid In mai!2 register after read) 7 - 



Figure 22. Timing for Mail2 Register and MBF2 Flag 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc • -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to Vcc + °- 5 v 

Output voltage range, Vq (see Note 1 ) -0.5 V to Vcc + °- 5 v 

Input clamp current, I|k (V| < 0 or V| > Vcc) ±20 mA 

Output clamp current, Iqk ( v O < 0 or Vq > Vcc) ±50 mA 

Continuous output current, Iq (Vq = 0 to Vcc) ±50 mA 

Continuous current through Vcc or GND ±400 mA 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output voltage ratings may be exceeded provided the input and output current ratings are observed. 



recommended operating conditions 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


V 


V|L 


Low-level input voltage 


0.8 


V 


'OH 


High-level output current 


-4 


mA 


"OL 


Low-level output current 


8 


mA 


T A 


Operating free-air temperature 


0 


70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP* MAX 


UNIT 


VOH 


Vcc - 4.5 V, Ioh = ~4 mA 


2.4 


V 


vol 


Vcc = 4.5 V, Iol = 8 mA 


0.5 


V 


ii 


Vcc - 5.5 V, V| = V C Cor0 


±5 


HA 


ioz 


Vcc = 5.5 V, V O = V C Cor0 


±5 


MA 


'cc 


Vcc = 5.5 V, V| = Vcc - 0-2 V or 0 


400 


ma 


AlcC § 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or G ND 


CSA = V, H 


A0-A31 


0 


mA 


CSB«V|H 


B0-B31 


0 


CSA = V| L 


A0-A31 


1 


CSB = V||_ 


B0-B31 


1 


All other inputs 


1 


Cj 


V| = 0, f = 1 MHz 


4 


PF 


Co 


Vq = 0, f m 1 MHz 


8 


PF 



t All typical values are at Vcc = 5 V, T/\ = 25°C. 

§ This is the supply current when each input is at one of the specified TTL voltage levels rather than 0 V or Vcc- 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 22) 





ACT3638-15 


ACT3638-20 


ACT3638-30 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency, CLKA or CLKB 


66.7 


50 


33.4 


MHz 


t c Clock cycle time, CLKA or CLKB 


15 


20 


30 


ns 


t W (CLKH) Pu,se duration, CLKA and CLKB high 


6 


8 


10 


ns 


WCLKL) Pulse duration, CLKA and CLKB low 


6 


8 


10 


ns 


*su(D) Setup time, A0-A31 before CLKA? and B0-B31 before CLKBt 


4.5 


5 


6 


ns 


Setup time, CSA, W/RA, ENA, and MBA before CLKAT; CSB, 
tsu(EN) W/RB,ENB, and MBB before CLKBt 


5 


6 


7 
/ 


ns 


*su(RM) Setup tim ®. R ™ and RFM before CLKBT 


6 


6.5 


7 


ns 


WRS) Setup time, RStT or RST2 low before CLKAt or CLKBtt 


5 


6 


7 


ns 


t su(FS) Setup time, FSO and FS1 before RST1 and RST2 high 


7 


8 


9 


ns 


t n (D) Hold time, A0-A31 after CLKAt and B0-B31 after CLKBt 


0 


0 


0 


ns 


Hold time, CSA, W/RA, ENA, and MBA after CLKAt; CSB, W/RB, 
th(EN) ENB, and MBB after CLKBt 


0 


0 


0 


ns 


*h(RM) Hold time, RTM and RFM after CLKBt 


0 


0 


0 


ns 


th(RS) Hold time, RSTT or RST2 low after CLKAt or CLKBtt 


4 


4 


5 


ns 


*h(FS) Hold time, FSO and FS1 after RST1 and RST2 high 


2 


3 


3 


ns 


. + Skew time between CLKAt and CLKBt for ORA, ORB, IRA, and 
tski* |RB 


8 


9 


11 


ns 


4 + Skew time between CLKAt and CLKBt for AEA, ABB, AFA, and 
t S k2* AFB 


12 


16 


20 


ns 



t Requirement to count the clock edge as one of at least four needed to reset a FIFO 

* Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between CLKA cycle and 
CLKB cycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C L = 30 pF (see Figures 1 through 22) 



PARAMETER 


ACT3638-15 


ACT3638-20 


ACT3638-30 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


ta 


Access time, CLKAT to A0-A31 and CLKBt to B0-B31 


3 


11 


3 


13 


3 


15 


ns 


tnrWP-IR\ 
"■pcuo-in; 


Propagation delay time, CLKAt to IRA and CLKBt to IRB 


1 8 


1 10 


1 12 


ns 


tpd(C-OR) 


Propagation delay time, CLKAt to ORA and CLKBt to ORB 


1 8 


1 10 


1 12 


ns 


tpd(C-R) 


propagation aeiay nme, uli\a i io huta ana v^i_r\ts i 10 nuiD 


1 8 


1 10 


1 12 


ns 


tpd(W-R) 


Propagation delay time, W/RA to RDYA and W/RB to RDYB 


1 8 


1 10 


1 12 


ns 


tpd(C-AE) 


Propagation delay time, CLKAt to AEA and CLKBt to AEB 


1 8 


1 10 


1 12 




tpd(C-AF) 


Propagation delay time, CLKAt to AFA and CLKBt to AFB 


1 8 


1 10 


1 12 


ns 


tpd(C-MF) 


Propagation delay time, CLKAt to MBF1 low or MBF2 high and 
CLKBt to MBF2 low or MBFT high 


0 


8 


0 


10 


0 


12 


ns 


tpd(C-MR) 


Propagation delay time, CLKAt to B0-B31 1 and CLKBt to 
A0-A31* 


3 


13.5 


3 


15 


3 


17 


ns 


tpd(M-DV) 


Propagation delay time, MBA to A0-A31 valid and MBB to 
B0-B31 valid 


3 


13 


3 


15 


3 


17 


ns 


tpd(R-F) 


Propagation delay time, RST1 low to AEB low, AFA high, and 
MBFT high, and RST2 low to AEA low, AFB high, and MBF2 high 


1 


15 


1 


20 


1 


30 


ns 


ten 


Enable time, CSA and W/RA low to A0-A31 active and CSB low 
and W/RB high to B0-B31 active 


2 


12 


2 


13 


2 


14 


ns 


tdis 


Disable time, CSA or W/RA high to A0-A31 at high impedance 
and CSB high or W/RB low to B0-B31 at high impedance 


1 


13 


1 


14 


1 


15 


ns 



t Writing data to the maill register when the B0-B31 outputs are active and MBB is high 
$ Writing data to the mail2 register when the AO- A31 outputs are active and MBA is high 
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TYPICAL CHARACTERISTICS 

SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 



< 
E 

i 

I 

3 

o 



I 

8 



0 10 20 30 40 50 60 70 
f clock - Clock Frequency - MHz 
Figure 23 

calculating power dissipation 

The lcc(f) current for the graph in Figure 23 was taken while simultaneously reading and writing a FIFO on the 
SN74ACT3638 with CLKA and CLKB set to f C iock- Al> data inputs and data outputs change state during each 
clock cycle to consume the highest supply current. Data outputs were disconnected to normalize the graph to 
a zero-capacitance load. Once the capacitive load per data-output channel and the number of SN74ACT3638 
inputs driven by TTL high levels are known, the power dissipation can be calculated with the equation below. 

With lcc(f) ^ken from Figure 23, the maximum power dissipation (Pt) of the SN74ACT3638 can be calculated 
by: 



Pt = 


VCC x PcC(f) + (N x AI CC x dc)] + £(C L x V CC 2 x f 0 ) 


where: 




N 


= number of inputs driven by TTL levels 


A, CC 


= increase in power supply current for each input at a TTL high level 


dc 


= duty cycle of inputs at a TTL high level of 3.4 V 


c L 


= output capacitive load 




= switching frequency of an output 



When no reads or writes are occurring on the SN74ACT3638, the power dissipated by a single clock (CLKA 
or CLKB) input running at frequency f C lock js calculated by: 

Pt = V C C x fclock x 0.1 84 m A/MHz 
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PARAMETER MEASUREMENT INFORMATION 

5V 



From Output 
Under Test 



680 Cl 



1.1 kQ 



30 pF 

(see Note A) 



LOAD CIRCUIT 



Timing 
Input 



1.5 V 

t su H «— 

Data, \J Srf 

Enable /M-SV \l.5V 

Input — J N - 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
GND 
3V 
GND 



Hlgh-Level 
Input 



Low-Level 
Input 



1.5 V 



- 3V 



tw 



1.5 V 



I™. 



GND 

3V 
GND 



VOLTAGE WAVEFORMS 
PULSE DURATIONS 



Output 
Enable 



Low-Level 
Output 



High-Level 
Output 




VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 



Input ^1.5V ^1 
tpd-W — H 



, 3V 

1.5 V 

GND 



In-Phase 
Output 



V Sl " V0H 

/1.5V \1.5V 



vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



NOTE A: Includes probe and jig capacitance 

Figure 24. Load Circuit and Voltage Waveforms 
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Free-Running CLKA and CLKB Can Be 
Asynchronous or Coincident 

Two Independent 512 x 36 Clocked FIFOs 
Buffering Data in Opposite Directions 

Mailbox-Bypass Register for Each FIFO 

Programmable Almost-Full and 
Almost-Empty Flags 

Microprocessor Interface Control Logic 
IRA, ORA, AEA, and AFA Flags 
Synchronized by CLKA 



IRB, ORB, AEB, and AFB Flags 

Synchronized by CLKB 

Low-Power 0.8-Micron Advanced CMOS 

Technology 

Supports Clock Frequencies up to 67 MHz 
Fast Access Times of 11 ns 
Pin-to-Pin Compatible With the 
SN74ACT3622 and SN74ACT3642 
Available in Space-Saving 120-Pin Thin 
Quad Flat (PCB) and 132-Pin Plastic Quad 
Flat (PQ) Packages 



PCB PACKAGE 
(TOP VIEW) 



A35 
A34 
A33 
A32 

V C C 
A31 
A30 

GND 
A29 
A28 
A27 
A26 
A25 
A24 
A23 

GND 
A22 

V C C 
A21 
A20 
A19 
A18 
GND 
A17 
A16 
A15 
A14 
A13 

V C C 
A12 



s3 

oo 
JJ£X 



nnnnnnnnnnnnnnnnnnnnnnn 



CD CO CO 

2 2cr 



LL O LL 



Icq CO ^ Q 
El DC £Z 

ko£o 



CD 
CD QC CD 

n n n 



CD 

* o 

n n 



Oc^oOSCOiO^COCMi-O 



E 1 T 

E 2 

E 3 

E 4 

E 5 

E 6 

E 7 

E 8 

E 9 

C 10 

E 11 

E 12 

E 13 

E 14 

C 15 

E 16 

E 17 

E 18 

E 19 

E 20 

E 21 

E 22 

E 23 

E 24 

E 25 

E 26 

E 27 

E 28 

E 29 

E 30 



TJTT 

q i: 



co 5 m cd n co o> l 

COCOOOOOOOOOOO^f' 

UUUUUUUU1 

O0)00N(DQin^( 

*-;<<<<;2:<<« 



t- CM CO 

^ <«■ «fr 

uuu 



UUU 

t- o Q 

< < Z 
CD 



uuuuu 

o r- cvj co 

CO CD CO CO CD 



tf) io if) U) 

uuuu 

a <g o 
z m o 
0 & 



8 



io In S 
UUU 
I s *- coo> 
CQ CD CO 



90 □ 
89 □ 
88 □ 
87 1 
86 □ 
85 □ 
84 □ 
83 □ 
82 □ 
81 3 
80 □ 
79 □ 
78 □ 
77 □ 
76 □ 
75 □ 
74 □ 
73 □ 
72 □ 
71 □ 
70 □ 
69 □ 
68 □ 
67 □ 
66 □ 
65 □ 
64 □ 
63 □ 
62 □ 
61 □ 



nrr 

O T- 

5 CD 



B35 

B34 

B33 

B32 

GND 

B31 

B30 

B29 

B28 

B27 

B26 

VCC 

B25 

B24 

GND 

B23 

B22 

B21 

B20 

B19 

B18 

GND 

B17 

B16 

V C C 
B15 
B14 
B13 
B12 
GND 
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PQ PACKAGEt 
CTOP VIEW) 



o o 8 



CQ QC 

Si 



«-> m Icq Icq ,„ 
S cc Ll Lu R 



LL CO 



22cr ll CD Ll 



, < 



CM 



2|<|<^ o£ |o £ Lu GO z 



NC 
B35 
B34 
B33 
B32 
GND 
B31 
B30 
B29 
B28 
B27 
B26 

V C C 
B25 
B24 

GND 
B23 
B22 
B21 
B20 
B19 
B18 

GND 
B17 
B16 

V C C 
B15 
B14 
B13 
B12 

GND 
NC 



/ \ nnnnnnnnnnnnnnnnrinnnnnnnnnnnnnnnn / \ 

17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 132 130 128 126 124 122 120 118 

□ 131 129 127 125 123 121 119 117 
CZZ 1R w 11R ZZD 



NC C= 50 



116 
115 
114 
113 
112 
111 
110 
109 
108 
107 
106 
105 
104 
103 
102 
101 
100 



NC 
I NC 
I A35 
l A34 
l A33 
l A32 

» v C c 

1 A31 
l A30 
! GND 
l A29 
I A28 
l A27 
l A26 
l A25 
! A24 
I A23 
I GND 
l A22 

1 V C C 
I A21 
I A20 
l A19 
) A18 
) GND 
] A17 
J A16 
J A15 
J A14 
l A13 

J V CC 
J A12 
J NC 



0 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 
UUUUUUUUUUUUUUUUUIJLJUUUUUUUUUUUUUU \I> 

__ QWJCOWr-OQO^WOntlOQCSOOOOr-QQQ 

0)CQ1]QDQ2<<<«4)<<<Z<<<<??ZZZ 
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description 

The SN74ACT3632 is a high-speed, low-power CMOS clocked bidirectional FIFO memory. It supports clock 
frequencies up to 67 MHz and has read access times as fast as 11 ns. Two independent 512 x 36 dual-port 
SRAM FIFOs on board the chip buffer data in opposite directions. Each FIFO has flags to indicate empty and 
full conditions and two programmable flags (almost full and almost empty) to indicate when a selected number 
of words are stored in memory. Communication between each port can bypass the Fl FOs via two 36-bit mailbox 
registers. Each mailbox register has a flag to signal when new mail has been stored. Two or more devices can 
be used in parallel to create wider data paths. 

The SN74ACT3632 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a port clock by enable signals. The clocks for 
each port are independent of one another and can be asynchronous or coincident. The enables for each port 
are arranged to provide a simple bidirectional interface between microprocessors and/or buses with 
synchronous control. 

The input-ready (IRA, IRB) flag and almost-full (AFA, AFB) flag of a FIFO are two-stage syn chron i zed t o the 
port clock that writes data to its array. The output-ready (ORA, ORB) flag and almost-empty (AEA, AEB) flag 
of a FIFO are two-stage synchronized to the port clock that reads data from its array. Offset values for the 
almost-full and almost-empty flags of both FIFOs can be programmed from port A. 

The SN74ACT3632 is characterized for operation from 0°C to 70°C. 

For more information on this device family, see the application reports FIFO Mailbox-Bypass Registers: Using 
Bypass Registers to Initialize DMA Control and Interfacing Tl Clocked FIFOs With Tl Floating-Point Digital 
Signal Processors in the 1996 High-Performance FIFO Memories Designer's Handbook, literature number 
SC A A0 12 A. 
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functional block diagram 
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Terminal Functions 



TERMINAL 
NAME 


I/O 


DESCRIPTION 


A0-A35 


I/O 


Port-A data. The 36-bit bidirectional data port for side A. 


AEA 


0 

(port A) 


Port-A almost-empty flag. Programmable almost-empty flag synchronized to CLKA. AEA is low when the number of 
words in FIF02 is less than or equal to the value in the almost-empty A offset register, X2. 


AEB 


0 

(port B) 


Port-B almost-empty flag. Programmable almost-empty flag synchronized to CLKB. AEB is low when the number of 
words in FIF01 is less than or equal to the value in the almost-empty B offset register, X1 . 


AFA 


0 

(port A) 


Port-A almost-full flag. Programmable almost-full flag synchronized to CLKA. AFA is low when the number of empty 
locations in FIF01 is less than or equal to the value in the almost-full A offset register, Y1 . 


AFB 


0 

(port B) 


Port-B almost-full flag. Programmable almost-full flag synchronized to CLKB. AFB is low when the number of empty 
locations in FIF02 is less than or equal to the value in the almost-full B offset register, Y2. 


B0-B35 


I/O 


Port-B data. The 36-bit bidirectional data port for side B. 


CLKA 




Port-A clock. CLKA is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to CLKB. IRA, ORA, AFA, and AEA are all synchronized to the low-to-high transition of CLKA. 


CLKB 




Port-B clock. CLKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
or coincident to CLKA. IRB, ORB, AFB, and AEB are synchronized to the low-to-high transition of CLKB. 






Port-A chip select. CSA must be low to enable a low-to-high transition of CLKA to read or write data on port A. The 
A0-A35 outputs are in the high-impedance state when CSA is high. 


CSB 




Port-B chip select. CSB must be low to enable a low-to-high transition of CLKB to read or write data on port B. The 
B0-B35 outputs are in the high-impedance state when CSB is high. 


EN A 




Port-A enable. ENA must be high to enable a low-to-high transition of CLKA to read or write data on port A. 


ENB 




Port-B enable. ENB must be high to enable a low-to-high transition of CLKB to read or write data on port B. 


FS1.FS0 


I 


Flag-oftset selects. The low-to-nign transition of a FIFO reset input latches the values of FSO and FS1 . If either FSO 
or FS1 is high when a reset input goes high, one of three preset values is selected as the offset for the FIFO almost-full 
and almost-empty flags. If both FIFOs are reset simultaneously and both FSO and FS1 are low when RST1 and RST2 
go high, the first four writes to FIF01 program the almost-full and almost-empty offsets for both FIFOs. 


IRA 


0 

(port A) 


Input-ready flag. IRA is synchronized to the low-to-high transition of CLKA. When IRA is low, FIF01 is full and writes 
to its array are disabled. IRA is set low when FIF01 is reset and is set high on the second low-to-high transition of CLKA 
after reset. 


IRB 


0 

(port B) 


Input-ready flag. IRB is synchronized to the low-to-high transition of CLKB. When IRB is low, FIF02 is full and writes 
to its array are disabled. IRB is set low when Fl F02 is reset and is set high on the second low-to-high transition of CLKB 
after reset. 


MBA 


I 


Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A read or write operation. When the 
AO- A35 outputs are active, a high level on MBA selects data from the mail2 register for output and a low level selects 
FIF02 output-register data for output. 


MBB 


I 


Port-B mailbox select. A high level on MBB chooses a mailbox register for a port-B read or write operation. When the 
B0-B35 outputs are active, a high level on MBB selects data from the maiH register for output and a low level selects 
FIF01 output-register data for output. 


MBFT 


0 


MaiH reaister flao MBF1 is set low bv thf» low-tn-hinh transition nf CI KA that writpcs riata tn the* maiH rpnictor Writer 

ivimi I I ^laiwi iiwvj. ivilji I Owl iv/vv U y ll lw IWV \\J 1 IIV^I 1 UCMIOIMVII \J 1 v-/ 1— l \/\ ll Icll Wlllwd \JCil& l\J LI l\5 MIGUI 1 lv?UlolC?l. Willed 

to the main register are inhibited while MBF1 is low. MBFT is set high by a low-to-high transition of CLKB when a port-B 
read is selected and MBB is high. MBF1 is set high when FIF01 is reset. 


MBF2 


0 


Mail2 register flag. MBF2 is set low by the low-to-high transition of CLKB that writes data to the mail2 register. Writes 
to the mail2 register are inhibited while MBF2 is low. MBF2 is set high by a low-to-high transition of CLKA when a port-A 
read is selected and MBA is high. MBF2 is also set high when FIF02 is reset. 


ORA 


0 

(port A) 


Output-ready flag. ORA is synchronized to the low-to-high transition of CLKA. When ORA is low, FIF02 is empty and 
reads from its memory are disabled. Ready data is present on the output register of FIF02 when ORA is high. ORA 
is forced low when FIF02 is reset and goes high on the third low-to-high transition of CLKA after a word is loaded to 
empty memory. 
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Terminal Functions (Continued) 



TERMINAL 
NAME 


I/O 


DESCRIPTION 


ORB 


0 

(port B) 


Oi itr\i it-roaHu flan HRR ic <s\/nr»hrr»ni7oH tn tho ln\A/-tr\-hinh trancitinn nf D\ KR When ORR ic Inw FIFOI ic omntu anH 
Vw/Ul|JUl itJaUy Hay. UnD lo oyi It/iliUillilcU lO lilo lUW~lO~fliyil licuioUIUii Ul vL[\u. vvilcll vnD lo IUW, ill \J I lo tJill|Jiy diiu 

reads from its memory are disabled. Ready data is present on the output register of FIF01 when ORB is high. ORB 
is forced low when FIF01 is reset and goes high on the third low-to-high transition of CLKB after a word is loaded to 
empty memory. 


RSTT 


I 


FIF01 reset. To reset FIF01 , four low-to-high transitions of GLKA and four low-to-high transitions of CLKB must occur 
while RST1 is low. The low-to-high transition of RST1 latches the status of FSO and FS1 for AFA and AEB offset 
selection. FIF01 must be reset upon power up before data is written to its RAM. 


RST2 


I 


FIF02 reset. To reset FIF02, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur 
while RST2 is low. The low-to-high transition of RST2 latches the status of FSO and FS1 for AFB and AEA offset 
selection. FIF02 must be reset upon power up before data is written to its RAM. 


W/RA 


I 


Port-A write/read select. A high on W/RA selects a write operation and a low selects a read operation on port A for a 
low-to-high transition of CLKA. The A0-A35 outputs are in the high-impedance state when W/RA is high. 


W/RB 


I 


Port-B write/read select. A low on W/RB selects a write operation and a high selects a read operation on port B for a 
low-to-high transition of CLKB. The B0-B35 outputs are in the high-impedance state when W/RB is low. 



detailed description 
reset 

The FIFO memories of the SN74ACT3632 are reset separately by taking their reset (RST1 , RST2) inputs low 
for at least four port-A clock (CLKA) and four port-B clock (CLKB) low-to-high transitions. The reset inputs can 
switch asynchronously to the clocks. A FIFO reset initializes the internal read and write pointer s and force s the 
input-ready flag (IRA, IRB) lo w, the output-ready flag (ORA, ORB) low, the almost-empty flag (AEA, AE B) low, 
and the almost-full flag (AFA, AFB) high. Resetting a FIFO also forces the mailbox flag (MBF1 , MBF2) of the 
parallel mailbox register high. After a FIFO is reset, its input-ready flag is set high after two clock cycles to begin 
normal operation. A FIFO must be reset after power up before data is written to its memory. 

A low-to-high transition on a FIFO reset (RST1, RST2) input latches the value of the flag-select (FSO, FS1) 
inputs for choosing the almost-full and almost-empty offset programming method. 

almost-empty flag and almost-full flag offset programming 

Four registers in the SN74ACT 3632 are used to hold the offset values for the almost-empty and alm ost-fu ll flags. 
The port-B almost-empty flag (AEB) offset register is la beled X1 and the port-A almost-empty flag (AEA) offset 
regis ter is labeled X2. The port-A almost-full flag (AFA) offset register is labeled Y1 and the port-B almost-full 
flag (AFB) offset register is labeled Y2. The index of each register name corresponds to its FIFO number. The 
offset registers can be loaded with preset values during the reset of a FIFO or they can be programmed from 
port A (see Table 1). 



Table 1. Flag Programming 



FS1 


FSO 


RST1 


RST2 


X1 AND Y1 REGISTERSt 


X2 AND Y2 REGISTERSt 


H 


H 


T 


X 


64 


X 


H 


H 


X 


T 


X 


64 


H 


L 


t 


X 


16 


x 


H 


L 


x 


T 


X 


16 


L 


H 


T 


X 


8 


X 


L 


H 


x 


T 


X 


8 


L 


L 


T 


T 


Programmed from port A 


Programmed from port A 



t X1 register holds the offset for AEB ; Y1 register holds the offset for AFA. 
* X2 register holds the offset for AEA; Y2 register holds the offset for AFB. 
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almost-empty flag and almost-full flag offset programming (continued) 

To load the almost-empty flag and almost-full flag offset registers of a FIFO with one of the three preset values 
listed in Table 1 , at least one of the flag-select inputs must be high during the low-to-high transition of its reset 
i nput. F or example, to load the preset value of 64 into X1 andY1,FS0and FS1 must be high when FIF01 reset 
(RST1) returns high. Flag-off set reg isters associated with FIF02 are loaded with one of the preset values in the 
same way with FIF02 reset (RST2). When using one of the preset values for the flag offsets, the FIFOs can 
be reset simultaneously or at different times. 

To program the X1 , X2, Y1 , and Y2 registers from port A, both FIFOs should be reset simultaneously with FSO 
and FS1 low during the low-to-high transition of the reset inputs. After this reset is complete, the first four writes 
to FIF01 do not store data in RAM but load the offset registers in the order Y1 , X1 , Y2, X2. Each offset register 
uses port-A (A8-A0) inputs, with A8 as the most significant bit. Each register value can be programmed from 
1 to 508. After all the offset registers are programmed from port A, the port-B input-ready flag (IRB) is set high 
and both FIFOs begin normal operation. 

FIFO write/read operation 

The state of the pon>A data (A0-A35) outputs is controlled by the port-A chip select (CSA) and the p_ort-A 
write/read select (W/RA). The A0-A35 outputs a re in the highnmpedance state when either CSA or W/RA is 
high. The A0-A35 outputs are active when both CSA and W/RA are low. 

Data is loaded into FIF01 from the A0-A35 inputs on a low-to-high transition of CLKA when CSA is low, W/RA 
is high, ENA is high, MB A is low , and IRAis high. Data is read from FIF02 to the AO- A35 outputs by a low-to-high 
transition of CLKA when CSA is low, W/RA is low, ENA is high, MBA is low, and ORA is high (see Table 2). FIFO 
reads and writes on port A are independent of any concurrent port-B operation. 



Table 2. Port-A Enable Function Table 



CSA 


W/RA 


ENA 


MBA 


CLKA 


A0-A35 OUTPUTS 


PORT FUNCTION 


H 


X 


X 


X 


X 


In high-impedance state 


None 


L 


H 


L 


X 


X 


In high-impedance state 


None 


L 


H 


H 


L 


T 


In high-impedance state 


FIF01 write 


L 


H 


H 


H 


T 


In high-impedance state 


MaiH write 


L 


L 


L 


L 


X 


Active, FIF02 output register 


None 


L 


L 


H 


L 


t 


Active, FIF02 output register 


FIF02 read 


L 


L 


L 


H 


X 


Active, mail2 register 


None 


L 


L 


H 


H 


T 


Active, mail2 register 


Mail2read (set MBF2 high) 



The port-B control signals are identical to those of port A with the exception that the port-B write/read select 
(W/RB) is the inverse of the port-A write/re ad select (W/RA). The state of the_port-B data (B0-B35) outputs is 
controlled by the port-B chip select (CS B) an d the pon^B write/read select (W/RB). The B0-B35 output s are 
in the high-impedance state when either CSB is high or W/RB is low. The B0-B35 outputs are active when CSB 
is low and W/RB is high. 

Data is loaded into FIF02 from the B0-B35 inputs on a low-to-high transition of CLKB when CSB is low, W/RB 
is low, ENB is high, MBB is low , and IRB is high. Data is read from FIF01 to the B0-B35 outputs by a low-to-high 
transition of CLKB when CSB is low, W/RB is high, ENB is high, MBB is low, and ORB is high (see Table 3). FIFO 
reads and writes on port B are independent of any concurrent port-A operation. 
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FIFO write/read operation (continued) 



Table 3. Port-B Enable Function Table 



CSB 


W/RB 


ENB 


MBB 


CLKB 


B0-B35 OUTPUTS 


PORT FUNCTION 


H 


X 


X 


X 


X 


In high-impedance state 


None 


L 


L 


L 


X 


X 


In high-impedance state 


None 


L 


L 


H 


L 


T 


In high-impedance state 


FIF02 write 


L 


L 


H 


H 


T 


In high-impedance state 


Mail2 write 


L 


H 


L 


L 


X 


Active, FIF01 output register 


None 


L 


H 


H 


L 


T 


Active, FIF01 output register 


FIF01 read 


L 


H 


L 


H 


X 


Active, maiH register 


None 


L 


H 


H 


H 


T 


Active, maiH register 


MaiH read (set MBFT high) 



The setup- and hold-time constraints to the port clocks for the port-chip selects and write/read selects are only 
for enabling write and read operations and are not related to high-impedance control of the data outputs. If a 
port enable is low during a clock cycle, the port-chip select and write/read select may change states during the 
setup- and hold-time window of the cycle. 

When a FIFO output-ready flag is low, the next data word is sent to the FIFO output register automatically by 
the low-to-high transition of the port clock that sets the output-ready flag high. When the output-ready flag is 
high, an available data word is clocked to the FIFO output register only when a FIFO read is selected by the 
port's chip select, write/read select, enable, and mailbox select. 

synchronized FIFO flags 

Each FIFO is synchronized to its port clock through at least two flip-flop stages. This is done to improve 
flag-signal reliability by reducing the probability of metastable events when CLKA and CLKB operate 
asynchronously to one another (see the application report Metastability Performance of C locke d FIFOs i n the 
1 996 High-Performance FIFO Me morie s Data Bo ok, lite rature number SCAD003C). ORA, AEA, IRA, and AFA 
are synchronized to CLKA. ORB, AEB, IRB, and AFB are synchronized to CLKB. Tables 4 and 5 show the 
relationship of each port flag to FIF01 and FIF02. 



Table 4. FIF01 Flag Operation 



NUMBER OF WORDS 
IN FIFOltt 


SYNCHRONIZED 
TO CLKB 


SYNCHRONIZED 
TO CLKA 


ORB 


AEB 


AFA IRA 


0 


L 


L 


H H 


1 toX1 


H 


L 


H H 


(X1 +1)to[512-(Y1 +1)] 


H 


H 


H H 


(512-Y1)to511 


H 


H 


L H 


512 


H 


H 


L L 



t X1 is the almost-empty offset for FIF01 used by AEB. Y1 is the almost-full 
offset for FIF01 used by AFA. Both X1 and Y1 are selected during a reset of 
FIF01 or programmed from port A. 

t When a word loaded to an empty FIFO is shifted to the output register, its 
previous FIFO memory location is free. 
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synchronized FIFO flags (continued) 



Table 5. FIF02 Flag Operation 



NUMBER OF WORDS 
IN FIF02T* 


SYNCHRONIZED 
TOCLKA 


SYNCHRONIZED 
TO CLKB 


ORA 


AEA 


AFB 


IRB 


0 


L 


L 


H 


H 


1 toX2 


H 


L 


H 


H 


(X2 + 1)to[512-(Y2 + 1)] 


H 


H 


H 


H 


(512 -Y2) to 511 


H 


H 


L 


H 


512 


H 


H 


L 


L 



t X2 is the almost-empty o ffset for FIF02 used by AEA. Y2 is the almost-full 
offset for FIF02 used by AFB. Both X2 and Y2 are selected during a reset 
of FIF02 or programmed from port A. 

t When a word loaded to an empty FIFO is shifted to the output register, its 
previous FIFO memory location is free. 



output-ready flags (ORA, ORB) 

The output-ready flag of a FIFO is synchronized to the port clock that reads data from its array. When the 
output-ready flag is high, new data is present in the FIFO output register. When the output-ready flag is low, the 
previous data word is present in the FIFO output register and attempted FIFO reads are ignored. 

A FIFO read pointer is incremented each time a new word is clocked to its output register. The state machine 
that controls an output-ready flag monitors a write-pointer and read-pointer comparator that indicates when the 
FIFO SRAM status is empty, empty+1 , or empty+2. From the time a word is written to a FIFO, it can be shifted 
to the FIFO output register in a minimum of three cycles of the output-ready flag synchronizing clock; therefore, 
an output-ready flag is low if a word in memory is the next data to be sent to the FIFO output register and three 
cycles of the port clock that reads data from the FIFO have not elapsed since the time the word was written. 
The output-ready flag of the FIFO remains low until the third low-to-high transition of the synchronizing clock 
occurs, simultaneously forcing the output-ready flag high and shifting the word to the FIFO output register. 

A low-to-high transition on an output-ready flag synchronizing clock begins the first synchronization cycle of a 
write if the clock transition occurs at time t S |<i , or greater, after the write. Otherwise, the subsequent clock cycle 
can be the first synchronization cycle (see Figures 7 and 8). 

input-ready flags (IRA, IRB) 

The input-ready flag of a Fl FO is synchronized to the port clock that writes data to its array. When the input-ready 
flag is high, a memory location is free in the SRAM to receive new data. No memory locations are free when 
the input-ready flag is low and attempted writes to the FIFO are ignored. 

Each time a word is written to a FIFO, its write pointer is incremented. The state machine that controls an 
input-ready flag monitors a write-pointer and read-pointer comparator that indicates when the FIFO SRAM 
status is full, full — 1 , or full— 2. From the time a word is read from a FIFO, its previous memory location is ready 
to be written in a minimum of two cycles of the input-ready flag synchronizing clock; therefore, an input-ready 
flag is low if less than two cycles of the input-ready flag synchronizing clock have elapsed since the next memory 
write location has been read. The second low-to-high transition on the input-ready flag synchronizing clock after 
the read sets the input-ready flag high. 

A low-to-high transition on an input-ready flag synchronizing clock begins the first synchronization cycle of a 
read if the clock transition occurs at time t S |<-| , or greater, after the read. Otherwise, the subsequent clock cycle 
can be the first synchronization cycle (see Figures 9 and 10). 
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almost-empty flags (AEA, AEB) 

The almost-empty flag of a FIFO is synchronized to the port clock that reads data from its array. The state 
machine that controls an almost-empty flag monitors a write-pointer and read-pointer comparator that indicates 
when the FIFO SRAM status is almost e mpty, almost empty+1 , o r alm ost empty+2. The almost-empty state is 
defined by the contents of register X1 for AEB and register X2 for AEA. These registers are loaded with preset 
values during a FIFO reset or programmed from port A (see almost-empty flag and almost-full flag offset 
programming). An almost-empty flag is low when its FIFO contains X or less words and is high when its FIFO 
contains (X + 1) or more words. A data word present in the FIFO output register has been read from memory. 

Two low-to-high transitions of the almost-empty flag synchronizing clock are required after a FIFO write for its 
almost-empty flag to reflect the new level of fill. Therefore, the almost-empty flag of a FIFO containing (X + 1) 
or more words remains low if two cycles of its synchronizing clock have not elapsed since the write that filled 
the memory to the (X + 1) level. An almost-empty flag is set high by the second low-to-high transition of its 
synchronizing clock after the FIFO write that fills memory to the (X + 1) level. A low-to-high transition of an 
almost-empty flag synchronizing clock begins the first synchronization cycle if it occurs at time t S [<2, or greater, 
after the write that fills the FIFO to (X + 1) words. Otherwise, the subsequent synchronizing clock cycle can be 
the first synchronization cycle (see Figures 11 and 12). 

almost-full flags (AFA, AFB) 

The almost-full flag of a FIFO is synchronized to the port clock that writes data to its array. The state machine 
that controls an almost-full flag monitors a write-pointer and read-pointer comparator that indicates when the 
FIFO SRAM stat us is almost full, almost full- 1 , or almost full-2. The almost-full state is defined by the contents 
of register Y1 for AFA and register Y2 for AFB. These registers are loaded with preset values during a Fl FO reset 
or programmed from port A (see almost-empty flag and almost-full flag offset programming). An almost-full flag 
is low when its FIFO contains (51 2 - Y) or more words and is high when its FIFO contains [51 2 - (Y + 1 )] or less 
words. A data word is present in the FIFO output register has been read from memory. 

Two low-to-high transitions of the almost-full flag synchronizing clock are required after a FIFO read for its 
almost-full flag to reflect the new level of fill. Therefore, the almost-full flag of a FIFO containing [512 - (Y + 1)] 
or less words remains low if two cycles of its synchronizing clock have not elapsed since the read that reduced 
the number of words in memory to [512 - (Y + 1)]. An almost-full flag is set high by the second low-to-high 
transition of its synchronizing clock after the FIFO read that reduces the number of words in memory to 
[51 2 - (Y + 1 )]. A low-to-high transition of an almost-full flag synchronizing clock begins the first synchronization 
cycle if it occurs at time t^, or greater, after the read that reduces the number of words in memory to 
[51 2 - (Y + 1 )]. Otherwise, the subsequent synchronizing clock cycle can be the first synchronization cycle (see 
Figures 13 and 14). 

mailbox registers 

Each FIFO has a 36-bit bypass register to pass command and control information between port A and port B 
without putting it in queue. The mailbox-select (MBA, MBB) inputs choose between a mail register and a FIFO 
for a port-data-transfer operation. A low -to-high transition on CLKA writes A0-A35 data to the main register 
when a port-A write is selected by CSA, W/RA, and ENA and with MBA hi gh. A low-to-high transition on CLKB 
writes BO- B35 data to the mail2 register when a port-B write is selecte d byCSB , W/RB, and ENB and with MBB 
high. Writing data to a mail register sets its corresponding flag (MBF1 or MBF2) low. Attempted writes to a mail 
register are ignored while the mail flag is low. 

When data outputs of a port are active, the data on the bus comes from the FIFO output register when the port 
mailbox sele ct inpu t is low and from the mail register when the port-mailbox select input is high. The main 
register flag (MBF1) is set high by a low-to-high transition o n CLKB when a port-B read is selected by CSB, 
W/RB, and ENB and with MBB high. Th e ma i!2 register flag (MBF2) is set high by a low-to-high transition on 
CLKA when a port-A read is selected by CSA, W/RA, and ENA and with MBA high. The data in a mail register 
remains intact after it is read and changes only when new data is written to the register. 
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1 

tpd(R-F) p- 



tpd(R-F) f- 



afa YZZZZZZZZZZZC 



*pd(R-F) f— 

MBF1 ///////////, 

Figure 1. FIF01 Reset Loading X1 and Y1 With a Preset Value of Eightt 

t FIF02 is reset in the same manner to load X2 and Y2 with a preset value. 
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' -*i r ^(fs) i I j I 



tpd(C-IR) K 
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jtsu(EN)- 



*su(d; 



l+j ^(EN) 



tsklt 



™^ XXXXXX W VSS\V33^ 



A0-A35 



CLKB 




IRB 

t t S |<i is the minimum time between the rising CLKA edge and a rising CLKB edge for IRB to transition high in the next cycle. If the time between 

the risin g edge of CLKA and rising edge of CLKB is less than t S ki , IRB may transition high one cycle later than shown. 
NOTE A: CSA = L, W/RA = H, MBA = L. It is not necessary to program offset register on consecutive clock cycles. 

Figure 2. Programming the Almost-Full Flag and Almost-Empty Flag Offset Values After Reset 
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Figure 3. Port-A Write-Cycle Timing for FIF01 
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Figure 4. Port-B Write-Cycle Timing for FIF02 
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Figure 5. Port-A Read-Cycle Timing for FIF02 
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Figure 6. Port-B Read-Cycle Timing for FIF01 
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t t S ki is the minimum time between a rising CLKA edge and a rising CLKB edge for ORB to transition high and to clock the next word to the FIF01 
output register in three CLKB cycles. If the time between the rising CLKA edge and rising CLKB edge is less than t s ki , the transition of ORB high 
and load of the first word to the output register may occur one CLKB cycle later than shown. 

Figure 7. ORB-Fiag Timing and First-Data-Word Fallthrough When FIF01 Is Empty 
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t t S ki is the minimum time between a rising CLKB edge and a rising CLKA edge for ORA to transition high and to clock the next word to the FIF02 
output register in three CLKA cycles. If the time between the rising CLKB edge and rising CLKA edge is less than t s |<-j , the transition of ORA high 
and load of the first word to the output register may occur one CLKA cycle later than shown. 

Figure 8. ORA-Flag Timing and First-Data-Word Fallthrough When FIF02 Is Empty 
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t t s ki is the minimum time between a rising CLKB edge and a rising CLKA edge for I RA to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than t s ^i , IRA may transition high one CLKA cycle later than shown. 

Figure 9. IRA-Flag Timing and First Available Write When FIF01 Is Full 
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t t s ki is the minimum time between a rising CLKA edge and a rising CLKB edge for I RB to transition high in the next CLKB cycle. If the time between 
the rising CLKA edge and rising CLKB edge is less than t S ki, IRB may transition high one CLKB cycle later than shown. 



Figure 10. IRB-Flag Timing and First Available Write When FIF02 Is Full 
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<*B _ //////// S^^\ 

t t s k2 is the minimum time between a rising CLKA edge and a risi ng CL KB edge for AEB to transition high in the next CLKB cycle. If the time between 

the rising CLKA edge and r ising CLKB edge is less than t s |<2, AEB may transition high one CLKB cycle later than shown. 
NOTE A: FIF01 write (CSA = L, W/RA = H, MBA = L), FIF01 read (CSB = L, W/RB - H, MBB . L). Data in the FIF01 output register has been 
read from the FIFO. 

Figure 11. Timing for AEB When FIF01 Is Almost Empty 
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t t S k2 is the minimum time between a rising CLKB edge and a risin g CL KA edge for AEA to transition high in the next CLKA cycle. If the time between 

the rising CLKB edge and r ising CLKA edge is less than t s j<2, AE A may transition high one CLKA cycle later than shown. 
NOTE A: FIF02 write (CSB = L, W/RB = L, MBB = L), FIF02 read (CSA = L, W/RA = L, MBA = L). Data in the FIF02 output register has been 
read from the FIFO. 

Figure 12. Timing for AEA When FIF02 Is Almost Empty 
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t t S k2 is the minimum time between a rising CLKA edge and a risi ng CL KB edge for AFA to transition high in the next CLKA cycle. If the time between 

the rising CLKA edge and r ising CLKB edge is less than t S |<2, AFA may transition high one CLKB cycle later than shown. 
NOTE A: FIFQ1 write (CSA = L, W/RA = H, MBA = L), FIF01 read (CSB = L, W/RB = H, MBB = L). Data in the FIF01 output register has been 
read from the FIFO. 

Figure 13. Timing for AFA When FIF01 Is Almost Full 
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t t S |<2 is the minimum time between a rising CLKB edge and a risi ng CL KA edge for AFB to transition high in the next CLKB cycle. If the time between 

the rising CLKB edge and r ising CLKA edge is less than t s |<2, AF B may transition high one CLKA cycle later than shown. 
NOTE A: FIF02 write (CSB = L, W/RB= L, MBB = L), FIF02 read (CSA = L, W/RA = L, MBA = L). Data in the FIF02 output register has been 
read from the FIFO. 

Figure 14. Timing for AFB When FIF02 Is Almost Full 
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Figure 15. Timing for MaiH Register and MBF1 Flag 
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Figure 16. Timing for Mail2 Register and MBF2 Flag 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, V<x ■ • • • -0.5 V to 7 V 

Input voltage range, Vj (see Note 1) -0.5 V to Vcc + 0.5 V 

Output voltage range, Vq (see Note 1) -0.5 V to Vcc + 0.5 V 

Input clamp current, I|k (V| < 0 or V| > Vcc) ±20 mA 

Output clamp current, Iqk ( v 0 < 0 or v O > v cc) ■ ±50 mA 

Continuous output current, Iq (Vo = 0 to Vcc) ±50 mA 

Continuous current through Vcc or GND ±400 mA 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T s t g -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output voltage ratings may be exceeded provided the input and output current ratings are observed. 



recommended operating conditions 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


V 


V|L 


Low-level input voltage 


0.8 


v 


•oh 


High-level output current 


-4 


mA 


lOL 


Low-level output current 


8 


mA 


t a 


Operating free-air temperature 


0 


70 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 
iviii « iii' mnA 


UNIT 


V 0 H 


Vcc = 4- 5 V, Iqh = -4 m A 


2.4 


V 


VOL 


Vcc = 4.5V, loL = 8mA 


0.5 


y 


'1 


vcc = 5 - 5 v . v l = V CC o r 0 


IO 


ii A 


■uz. 


Vcc - 5.5 V, V 0 = V C CorO 


±5 


uA 


'CC 


Vcc = 5-5 V, V| = Vcc - 0.2 V or 0 


400 




Alec* 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


CSA = V|H 


A0-A35 


0 


mA 


CSB=V| H 


B0-B35 


0 


CSA = V| L 


A0-A35 


1 


CSB = V| L 


B0-B35 


1 


All other inputs 


1 


Cj 


V| = 0, f = 1 MHz 


4 


pF 


Co 


Vq = 0, f = 1 MHz 


8 


pF 



t All typical values are at Vcc = 5 V, T A = 25°C. 

$ This is the supply current when each input is at one of the specified TTL voltage levels rather than 0 V or Vcc- 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 16) 





'ACT3632-15 


ACT3632-20 


ACT3632-30 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


*clock Clock frequency, CLKA or CLKB 


66.7 


50 


33.4 


MHz 


t c Clock cycle time, CLKA or CLKB 


15 


20 


30 


ns 


t w (CLKH) Pulse duration, CLKA and CLKB high 


6 


8 


10 


ns 


t w (CLKL) Pulse duration, CLKA and CLKB low 


6 


8 


10 


ns 


tsu(D) Setup time, A0-A35 before CLKAt and B0-B35 before CLKBt 


4 


5 


6 


ns 


Setup time, CSA, W/RA, ENA, and MBA before CLKAt; CSB, 
tsu(EN) W/RB> ENBj and MBB before CLKBt 


4.5 


5 


6 


ns 


*su(RS) Setup time, RSTT or RST2 low before CLKAT or CLKBT§ 


5 


6 


7 


ns 


t su(FS) Setu P time . FS0 and FS1 before RST1 and RST2 high 


7.5 


8.5 


9.5 


ns 


t n (D) Hold time, A0-A35 after CLKAT and B0-B35 after CLKBT 


1 


1 


1 


ns 


Hold time, CSA, W/RA, ENA, and MBA after CLKAT; CSB, W/RB, 
th(EN) ENB, and MBB after CLKBT 


1 


1 


1 


ns 


th(RS) Ho| d time. RSTT or RS?2 low after CLKAT or CLKBT§ 


4 


4 


5 


ns 


th(FS) Hold time » FS0 and FS1 after RST1 and RST2 high 


2 


3 


3 


ns 


^ Skew time between CLKAT and CLKBT for ORA, ORB, 
sk1 IRA, and IRB 


7.5 


9 


11 


ns 


^ Skew time between CLKAT and CLKBT for AEA, AEB, 
sk2 AFA, and AFB 


12 


16 


20 


ns 



§ Requirement to count the clock edge as one of at least four needed to reset a FIFO 

^ Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between CLKA cycle and 
CLKB cycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C[_ = 30 pF (see Figures 1 through 16) 



PARAMETER 


ACT3632-15 


ACT3632-20 


ACT3632-30 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


*a 


Access time, CLKAt to A0-A35 and CLKBt to B0-B35 


3 


11 


3 


13 


3 


15 


ns 




Propagation delay time, CLKAt to IRA and CLKBt to IRB 


2 


8 


2 


10 


2 


12 


ns 


tpd(C-OR) 


Propagation delay time, CLKAt to ORA and CLKBt to ORB 


1 


8 


1 


10 


1 


12 


ns 


tpd(C-AE) 


Dmnonotirvn WaIqw +im a Ol I/At +/n ACA nr\A l/'D'T + A CD 

propagation oeiay time, OLrvA i to AtA ana ulad i to Atb 


1 


8 


1 


10 


1 


12 


ns 


tpd(C-AF) 


Propagation delay time, CLKAt to AFA and CLKBt to AFB 


1 


8 


1 


10 


1 


12 


ns 


tpd(C-MF) 


Propagation delay time, CLKAt to MBF1 low or MBF2 high and 
CLKBt to MBF2 low or MBF1 high 


0 


8 


0 


10 


0 


12 


ns 


tpd(C-MR) 


Propagation delay time, CLKAt to B0-B35t and CLKBt to 
A0-A35* 


3 


13.5 


3 


15 


3 


17 


ns 


tpd(M-DV) 


Propagation delay time, MBA to A0-A35 valid and MBB to 
B0-B35 valid 


3 


11 


3 


13 


3 


15 


ns 


*pd(R-F) 


Propagation delay time, RST1 low to AEB low, AFA high, and 
MBF1 high, and RST2 low to AEA low, AFB high, and MBF2 high 


1 


15 


1 


20 


1 


30 


ns 


*en 


Enable time, CSA and W/RA low to A0-A35 active and CSB low 
and W/RB high to B0-B35 active 


2 


12 


2 


13 


2 


14 


ns 


*dis 


Disable time, CSA or W/RA high to AO- A35 at high impedance 
and CSB high or W/RB low to B0-B35 at high impedance 


1 


8 


1 


12 


1 


11 


.ns 



t Writing data to the main register when the B0-B35 outputs are active and MBB is high 
t Writing data to the mail2 register when the A0-A35 outputs are active and MBA is high 
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TYPICAL CHARACTERISTICS 



SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 



§ 200 



'data 
T A = 

-c l = 


= 1/2 f c 
75°C 


lock 










OpF 




\ 


CC = 5 


.5 V v 






V 


CC = 5 




















CC = 4. 


5V 































0 10 20 30 40 50 60 70 



f C |ock - Clock Frequency - MHz 
Figure 17 



calculating power dissipation 

The lcc(f) current for the graph in Figure 1 7 was taken while simultaneously reading and writing a FIFO on the 
SN74ACT3632 with CLKA and CLKB set to f C lock- A " data inputs and data outputs change state during each 
clock cycle to consume the highest supply current. Data outputs were disconnected to normalize the graph to 
a zero-capacitance load. Once the capacitive load per data-output channel and the number of SN74ACT3632 
inputs driven by TTL high levels are known, the power dissipation can be calculated with the equation below. 

With lcc(f) taken f rom Figure 1 7, the maximum power dissipation (Pj) of the SN74ACT3632 can be calculated 
by: 

PT = Vcc x [lcC(f) + (N x Al cc x dc)] + S(C L x V C c 2 x W 
where: 

N = number of inputs driven by TTL levels 

Alec = increase in power supply current for each input at a TTL high level 

dc = duty cycle of inputs at a TTL high level of 3.4 V 

C|_ = output capacitive load 

f 0 = switching frequency of an output 

When no reads or writes are occurring on the SN74ACT3632, the power dissipated by a single clock (CLKA 
or CLKB) input running at frequency f C iock is calculated by: 

Pt = Vcc x fclock x 0.184 mA/MHz 
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PARAMETER MEASUREMENT INFORMATION 

5V 



From Output 
Under Test 



680 Q 



1.1 kn 



30 pF 

(see Note A) 



LOAD CIRCUIT 



Timing 
Input 



1.5 V 



Data, I 
Enable 
Input 



1.5 V 



3V 
GND 
3V 
GND 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



High-Level 
Input 



Low-Level 
Input 




GND 



VOLTAGE WAVEFORMS 
PULSE DURATIONS 



Output 
Enable 



Low-Level 
Output 



High-Level 
Output 




VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTE A: Includes probe and jig capacitance 



Input /j^ 15V ^1.i 

t P dH« — H 



5V 



3V 
GND 



In-Phase 
Output 



l« ►["tpd 

1/ i— Voh 

/1.5 V \1.5V 



vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



Figure 18. Load Circuit and Voltage Waveforms 
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Free-Running CLKA and CLKB Can Be 
Asynchronous or Coincident 

Two Independent Clocked FIFOs Buffering 
Data in Opposite Directions 

Mailbox-Bypass Register for Each FIFO 

Programmable Almost-Full and 
Almost-Empty Flags 
Microprocessor Interface Control Logic 
IRA, ORA, AEA, and AFA Flags 
Synchronized by CLKA 



• IRB, ORB, AEB, and AFB Flags 
Synchronized by CLKB 

• Low-Power 0.8-Micron Advanced CMOS 
Technology 

• Supports Clock Frequencies up to 67 MHz 

• Fast Access Times of 11 ns 

• Pin-to-Pin Compatible With the 
SN74ACT3622 and SN74ACT3632 

• Available in Space-Saving 120-Pin Thin 
Quad Flat (PCB) and 132-Pin Plastic Quad 
Flat (PQ) Packages 



PCB PACKAGE 
(TOP VIEW) 



9^ <|E I' 



oo lu£|o£ o^|<|< 



CO 00 

2 2 



A35 
A34 
A33 
A32 

V C C 
A31 
A30 

GND 
A29 
A28 
A27 
A26 
A25 
A24 
A23 

GND 
A22 

V C C 
A21 
A20 
A19 
A18 
GND 
A17 
A16 
A15 
A14 
A13 

V C C 
A12 



c 1 1 

C 2 

C 3 

C 4 

C 5 

C 6 

C 7 

C 8 

C 9 

C 10 

C 11 

C 12 

C 13 



nnnnnnnnnnnnnnnnnnnnnnnnn 



DC llO ll 



pffi 

CO CQ 
QC 2 



. CD 
CQ PC CD 

|0& LU 

n n n 



CO 

* o 



O O) 05 o> CT) o> <y> < 



II 21 
C 22 
C 23 
C 24 
C 25 
C 26 
C 27 
C 28 
C 29 
C 30 



90 □ 
89 □ 
88 □ 
87 □ 
86 □ 
85 □ 
84 □ 
83 □ 
82 □ 
81 □ 
80 □ 
79 □ 
78 □ 
77 □ 
76 □ 
75 □ 
74 3 
73 □ 
72 □ 
71 □ 
70 □ 
69 □ 
68 □ 
67 □ 
66 □ 
65 □ 
64 □ 
63 □ 
62 □ 
61 □ 



TjuuuuuuuuuuuuuuuuuuuuUUUU' 
o ^ o > o o > 



unu 

h- coo> 
CO CO CQ 



ULT 

O T- 

5 5 



B35 

B34 

B33 

B32 

GND 

B31 

B30 

B29 

B28 

B27 

B26 

Vcc 

B25 

B24 

GND 

B23 

B22 

B21 

B20 

B19 

B18 

GND 

B17 

B16 

V C C 
B15 
B14 
B13 
B12 
GND 
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PQ PACKAGEt 
fTOP VIEW) 



CQ _ CO . 



oo 8^,|^igS|S|£S 8 

Z Z ^ O LU |^ jo o E o |< |< >^ 



Li. CD 
CO " 
22 



DO CO 



- co ^ § co m 
or Ll o ll oc * 



Sets 8D?<i^|i^§o 



/ \ nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn / \ 

17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 132 130 128 126 124 122 120 118 ^ 

Q 131 129 127 125 123 121 



NC 
B35 
B34 
B33 
B32 
GND 
B31 
B30 
B29 
B28 
B27 
B26 

V CC 
B25 
B24 

GND 
B23 
B22 
B21 
B20 
B19 
B18 

GND 
B17 
B16 

V C C 
B15 
B14 
B13 
B12 
GND 
NC 



NC t= 50 



116 
115 
114 
113 
112 
111 
110 
109 
108 
107 
106 
105 
104 
103 
102 
101 
100 
99 
98 
97 
96 
95 
94 
93 
92 
91 
90 
89 
88 
87 
86 
85 
84 



I NC 
I NC 

i A35 
A34 
A33 
A32 

V CC 

A31 

A30 

GND 

A29 

A28 

A27 

A26 

A25 

A24 

A23 

GND 

A22 

V C C 

A21 

A20 

A19 

A18 

GND 

A17 

A16 

A15 

A14 

A13 

Vcc 
A12 
NC 



0 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 
UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU V/ 

O r- O O) CO N OCDQin^COWi-OQOi-CSI OCOTf inQ(OSCOO)OT-QQQ 
2^^DQ[2CD^CQ2ffiCDmCDCnCDz<<<^<<<2<<<<^^2ZZ 



NC - No internal connection 

t Uses Yamaichi socket IC51 -1324-828 
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description 

The SN74ACT3642 is a high-speed, low-power CMOS clocked bidirectional FIFO memory. It supports clock 
frequencies up to 67 MHz with read access times as fast as 1 1 ns. The two independent 1 024 x 36 dual-port 
SRAM FIFOs on board the chip buffer data in opposite directions. Each FIFO has flags to indicate empty and 
full conditions and two programmable flags (almost full and almost empty) to indicate when a selected number 
of words is stored in memory. Communication between each port can bypass the FIFO via two 36-bit mailbox 
registers. Each mailbox register has a flag to signal when new mail has been stored. Two or more devices can 
be used in parallel to create wider datapaths. 

The SN74ACT3642 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a port clock by enable signals. The clocks for 
each port are independent of one another and can be asynchronous or coincident. The enables for each port 
are arranged to provide a simple bidirectional interface between microprocessors and/or buses with 
synchronous control. 

The input-ready (IRA, IRB) flag and almost-full (AFA, AFB) flag of a FIFO are two-stage syn chron i zed t o the 
port clock that writes data to its array. The output-ready (ORA, ORB) flag and almost-empty (AEA, AEB) flag 
of a FIFO are two-stage synchronized to the port clock that reads data from its array. Offset values for the 
almost-full and almost-empty flags of the FIFO can be programmed from port A. 

The SN74ACT3642 is characterized for operation from 0°C to 70°C. 

For more information on this device family, see the application report FIFO Mailbox-Bypass Registers: Using 
Bypass Registers to Initialize DMA Control in the 1996 High-Performance FIFO Memories Designer's 
Handbook, literature number; SCAA012A. 
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functional block diagram 



MBF1 



CLKA 
CSA 

W/RA 
ENA 
MBA 



RST1 



Port-A 
Control 
Logic 



FIF01, 
MaiH 
Reset 
Logic 



IRA 
AFA 



FSO 
FS1 
A0-A35 « 



ORA 
AEA 



36 



-4-*- 



Mailt 
Register 



4> 



I 

•s 

a 



1024x36 
SRAM 



Write 
Pointer 



| FIF01 



cc I 



Read 
Pointer 



Status-Flag 
Logic 



151 



Programmable- 
Flag 
Offset Registers 



I 

j FIF02 



Status-Flag 
Logic 



Read 
Pointer 



Write 
Pointer 
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SRAM 





1 








1? 




3 

t 







Mall2 
Register 



36 



ORB 
AEB 



B0-B35 



IRB 
AFB 



36 



FIF02, 
Mail2 
Reset 
Logic 
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Control 
Logic 



-CLKB 

-CSB 

-W/RB 

-ENB 

-MBB 



MBF2 ■ 
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Terminal Functions 



TCDMIKI Al 

TbHMINAL 

NAME 


I/O 


DESCRIPTION 




l/U 


Port-A data. The 36-bit bidirectional data port for side A. 


AEA 


u 

(port A) 


ron-n airnosi-ernpiy nag. rrograrnrnaDie nag syncnronizeu to oli\m. mcm is iow wnen ine numDer ot woruo in rirvj^ 
is less than or equal to the value in the almost-empty A offset register, X2. 


AEB 


U 

(port B) 


Port-B almost-empty flag. Programmable flag synchronized to CLKB. AEB is low when the number, of words in FIF01 
is less than or equal to the value in the almost-empty B offset register, X1 . 


AFA 


U 

(port A) 


Port-A almost-full flag. Programmable flag synchronized to CLKA. AFA is low when the number of empty locations in 
FIF01 is less than or equal to the value in the almost-full A offset register, Y1 . 


AFB 


U 

(port B) 


Port-B almost-full flag. Programmable flag synchronized to CLKB. AFB is low when the number of empty locations in 
FIF02 is less than or equal to the value in the almost-full B offset register, Y2. 


BO— B35 


l/U 


Port-B data. The 36-bit bidirectional data port for side B. 


CLKA 


I 


Port-A clock. CLKA is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to CLKB. IRA, ORA, AFA, and AEA are all synchronized to the low-to-high transition of CLKA. 


CLKB 




Port-B clock. CLKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
or coincident to CLKA. IRB, ORB, AFB, and AEB are synchronized to the low-to-high transition of CLKB. 


CSA 




Port-A chip select. CSA must be low to enable a low-to-high transition of CLKA to read or write data on port A. The 
AO— A35 outputs are in the high-impedance state when CSA is high. 


CSB 




Port-B chip select. CSB must be low to enable a low-to-high transition of CLKB to read or write data on port B. The 
B0-B35 outputs are in the high-impedance state when CSB is high. 


ENA 




Port-A enable. ENA must be high to enable a low-to-high transition of CLKA to read or write data on port A. 


ENB 




Port-B enable. ENB must be high to enable a low-to-high transition of CLKB to read or write data on port B. 


FS1.FS0 


I 


Flag-offset selects. The low-to-high transition of a FIFO's reset input latches the values of FSO and FS1 . If either FSO 
or FS1 is high when a reset input goes high, one of three preset values is selected as the offset for the FIFO almost-full 
and almost-empty flags. If both FIFOs are reset simultaneously and both FSO and FS1 are low when RST1 and RST2 
go high, the first four writes to FIF01 program the almost-full and almost-empty offsets for both FIFOs. 


IRA 


0 

(port A) 


Input-ready flag. IRA is synchronized to the low-to-high transition of CLKA. When IRA is low, FIF01 is full and writes 
to its array are disabled. I RA is set low when FIF01 is reset and is set high on the second low-to-high transition of CLKA 
after reset. 


IRB 


0 

(port B) 


Input-ready flag. IRB is synchronized to the low-to-high transition of CLKB. When IRB is low, FIF02 is full and writes 
to its array are disabled. IRB is set low when FIF02 is reset and is set high on the second low-to-high transition of CLKB 
after reset. 


MBA 


I 


Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A read or write operation. When the 
AO- A35 outputs are active, a high level on MBA selects data from the mail2 register for output and a low level selects 
Fl F02 output-register data for output. 


MBB 


■ 


Port-B mailbox select. A high level on MBB chooses a mailbox register for a port-B read or write operation. When the 
B0-B35 outputs are active, a high level on MBB selects data from the maih register for output and a low level selects 
FIF01 output-register data for output. 


MBF1 


0 


Maih register flag. MBF1 is set low by the low-to-high transition of CLKA that writes data to the maih register. Writes 
to the main register are inhibited while MBF1 is low. MBF1 is set high by a low-to-high transition of CLKB when a port-B 
read is selected and MBB is high. MBF1 is set high when FIF01 is reset. 


MBF2 


O 


Mail2 register flag. MBF2 is set low by the low-to-high transition of CLKB that writes data to the mail2 register. Writes 
to the mail2 register are inhibited while MBF2 is low. MBF2 is set high by a low-to-high transition of CLKA when a port-A 
read is selected and MBA is high. MBF2 is also set high when FIF02 is reset. 


ORA 


0 

(port A) 


Output-ready flag. ORA is synchronized to the low-to-high transition of CLKA. When ORA is low, FIF02 is empty and 
reads from its memory are disabled. Ready data is present on the output register of FIF02 when ORA is high. ORA 
is forced low when FIF02 is reset and goes high on the third low-to-high transition of CLKA after a word is loaded to 
empty memory. 
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Terminal Functions (Continued) 



TERMINAL 
NAME 


I/O 


DESCRIPTION 


ORB 


0 

(port B) 


Output-ready flag. ORB is synchronized to the low-to-high transition of CLKB. When ORB is low, FIF01 is empty and 
reads from its memory are disabled. Ready data is present on the output register of FIF01 when ORB is high. ORB 
is forced low when FIF01 is reset and goes high on the third low-to-high transition of CLKB after a word is loaded to 
empty memory. 


RSTT 


I 


FIF01 reset. To reset FIF01 , four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur 
while RST1 is low. The low-to-high transition of RST1 latches the status of FSO and FS1 for AFA and AEB offset 
selection. FIF01 must be reset upon power up before data is written to its RAM. 


RST2 


I 


FIF02 reset. To reset FIF02, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur 
while RST2 is low. The low-to-high transition of RST2 latches the status of FSO and FS1 for AFB and AEA offset 
selection. FIF02 must be reset upon power up before data is written to its RAM. 


W/RA 


I 


Port-A write/read select. A high on W/RA selects a write operation and a low selects a read operation on port A for a 
low-to-high transition of CLKA. The A0-A35 outputs are in the high-impedance state when W/RA is high. 


W/RB 


I 


Port-B write/read select. A low on W/RB selects a write operation and a high selects a read operation on port B for a 
low-to-high transition of CLKB. The B0-B35 outputs are in the high-impedance state when W/RB is low. 



detailed description 
reset 

The FIFO memories of the SN74ACT3642 are reset separately by taking their reset (RST1 , RST2) inputs low 
for at least four port-A clock (CLKA) and four port-B clock (CLKB) low-to-high transitions. The reset inputs can 
switch asynchronously to the clocks. A FIFO reset initializes the internal read and write pointer s and force s the 
input-ready flag (IRA, IRB) low, the output-ready flag (ORA, ORB) low, the almost-empty flag (AEA, AE B) low, 
and the almost-full flag (AFA, AFB) high. Resetting a FIFO also forces the mailbox flag (MBF1 , MBF2) of the 
parallel mailbox register high. After a FIFO is reset, its input-ready flag is set high after two clock cycles to begin 
normal operation. A FIFO must be reset after power up before data is written to its memory. 

A low-to-high transition on a FIFO reset (RST1 , RST2) input latches the value of the flag-select (FSO, FS1) 
inputs for choosing the almost-full and almost-empty offset programming method (see almost-empty and 
almost-full flag offset programming/). 

almost-empty flag and almost-full flag offset programming 

Four registers in the SN74ACT 3642 are used to hold the offset values for the almost-empty and almo st-fu ll flags. 
The port-B almost-empty flag (AEB) offset register is la beled X1 and the port-A almost-empty flag (AEA) offset 
regis ter is labeled X2. The port-A almost-full flag (AFA) offset register is labeled Y1 and the port-B almost-full 
flag (AFB) offset register is labeled Y2. The index of each register name corresponds to its FIFO number. The 
offset registers can be loaded with preset values during the reset of a FIFO or they can be programmed from 
port A (see Table 1). 



Table 1. Flag Programming 



FS1 


FSO 


RST1 


RST2 


X1 AND Y1 REGISTERSt 


X2 AND Y2 REGISTERSt 


H 


H 


T 


X 


64 


X 


H 


H 


X 


T 


X 


64 


H 


L 


T 


X 


16 


X 


H 


L 


x 


T 


X 


16 


L 


H 


T 


X 


8 


X 


L 


H 


X 


T 


X 


8 


L 


L 


T 


T 


Programmed from port A 


Programmed from port A 



t X1 register holds the offset for AEB ; Y1 register holds the offset for AFA. 
$ X2 register holds the offset for AEA; Y2 register holds the offset for AFB. 
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almost-empty flag and almost-full flag offset programming (continued) 

To load FIFO almost-empty flag and almost-full flag offset registers with one of the three preset values listed 
in Table 1 , at least one of the flag-select inputs must be high during the low-to-high transition of its rese t input . 
For example, to load the preset value of 64 into X1 andY1,FS0and FS1 must be high when FIF01 reset (RST1) 
returns high. Flag-offs et regis ters associated with FIF02 are loaded with one of the preset values in the same 
way with FIF02 reset (RST2). When using one of the preset values for the flag offsets, the FIFOs can be reset 
simultaneously or at different times. 

To program the X1 , X2, Y1 , and Y2 registers from port A, both FIFOs should be reset simultaneously with FSO 
and FS1 low during the low-to-high transition of the reset inputs. After this reset is complete, the first four writes 
to FIF01 do not store data in RAM but load the offset registers in the order Y1 , X1 , Y2, X2. Each offset register 
uses port-A inputs (A9-A0). The highest-numbered input is used as the most significant bit of the binary number 
in each case. Valid programming values for the registers range from 1 to 1 020. After all the offset registers are 
programmed from port A, the port-B input-ready flag (IRB) is set high and both FIFOs begin normal operation. 

FIFO write/read operation 

The state of the port-A data (A0-A35) outputs is controlled by the port-A chip select (CSA) and the port-A 
write/read select (W/RA). The A0-A35 outputs are in the highhimpedance state when either CSA or W/RA is 
high. The A0-A35 outputs are active when both CSA and W/RA are low. 

Data is loaded into FIF01 from the A0-A35 inputs on a low-to-high transition of CLKA when CSA is low, W/RA 
is high, ENA is high, MB A is low , and IRAis high. Data is read from FIF02 to the AO- A35 outputs by a low-to-high 
transition of CLKA when CSA is low, W/RA is low, ENA is high, MBA is low, and ORA is high (see Table 2). FIFO 
reads and writes on port A are independent of any concurrent port-B operation. 



Table 2. Port-A Enable Function Table 



CSA 


W/RA 


ENA 


MBA 


CLKA 


A0-A35 OUTPUTS 


PORT FUNCTION 


H 


X 


X 


X 


X 


In high-impedance state 


None 


L 


H 


L 


X 


X 


In high-impedance state 


None 


L 


H 


H 


L 


T 


In high-impedance state 


FIF01 write 


L 


H 


H 


H 


t 


In high-impedance state 


MaiM write 


L 


L 


L 


L 


X 


Active, FIF02 output register 


None 


L 


L 


H 


L 


T 


Active, FIF02 output register 


FIF02 read 


L 


L 


L 


H 


X 


Active, mail2 register 


None 


L 


L 


H 


H 


T 


Active, mail2 register 


Mail2 read (set MBF2 high) 



The port-B control signals are identical to those of port A with the exception that the port-B write/read select 
(W/RB) is the inverse of the port-A write/re ad select (W/RA). The state of theport-B data (B0-B35) outputs is 
controlled by the port-B chip select (CS B) an d the port-B write/read select (W/RB). The B0-B35 output s are 
in the high-impedance state when either CSB is high or W/RB is low. The BO- B35 outputs are active when CSB 
is low and W/RB is high. 

Data is loaded into FIF02 from the B0-B35 inputs on a low-to-high transition of CLKB when CSB is low, W/RB 
is low, ENB is high, MBB is low , and IRB is high. Data is read from FIF01 to the B0-B35 outputs by a low-to-high 
transition of CLKB when CSB is low, W/RB is high, ENB is high, MBB is low, and ORB is high (see Table 3). FIFO 
reads and writes on port B are independent of any concurrent port-A operation. 
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FIFO write/read operation (continued) 



Table 3. Port-B Enable Function Table 



CSB 


W/RB 


ENB 


MBB 


CLKB 


B0-B35 OUTPUTS 


PORT FUNCTION 


H 


X 


X 


X 


X 


In high-impedance state 


None 


L 


L 


L 


X 


X 


In high-impedance state 


None 


L 


L 


H 


L 


T 


In high-impedance state 


FIF02 write 


L 


L 


H 


H 


T 


In high-impedance state 


Mail2 write 


L 


H 


L 


L 


X 


Active, FIF01 output register 


None 


L 


H 


H 


L 


T 


Active, FIF01 output register 


FIF01 read 


L 


H 


L 


H 


X 


Active, maill register 


None 


L 


H 


H 


H 


T 


Active, maih register 


Mail! read (set MBR high) 



The setup- and hold-time constraints to the port clocks for the port-chip selects and write/read selects are only 
for enabling write and read operations and are not related to high-impedance control of the data outputs. If a 
port enable is low during a clock cycle, the port-chip select and write/read select may change states during the 
setup- and hold-time window of the cycle. 

When a FIFO output-ready flag is low, the next data word is sent to the FIFO output register automatically by 
the low-to-high transition of the port clock that sets the output-ready flag high. When the output-ready flag is 
high, an available data word is clocked to the FIFO output register only when a FIFO read is selected by the 
port-chip select, write/read select, enable, and mailbox select. 

synchronized FIFO flags 

Each FIFO is synchronized to its port clock through at least two flip-flop stages. This is done to improve 
flag-signal reliability by reducing the probability of metastable events when CLKA and CLKB operate 
asynchronously to one another (see the application report Metastability Performance of C locke d FIFOs i n the 
1 996 High-Performance FIFO Me morie s Data Book, literature number SCAD003C). ORA, AEA, IRA, and AFA 
are synchronized to CLKA. ORB, AEB, IRB, and AFB are synchronized to CLKB. Tables 4 and 5 show the 
relationship of each port flag to FIF01 and FIF02. 



Table 4. FIF01 Flag Operation 



NUMBER OF WORDS IN 
FIFOltt 


SYNCHRONIZED 
TO CLKB 


SYNCHRONIZED 
TO CLKA 


ORB 


Ail 


AFA 


IRA 


0 


L 


L 


H 


H 


1toX1 


H 


L 


H 


H 


(X1 +1)to[1024-(Y1 +1)] 


H 


H 


H 


H 


(1024-Y1)to1023 


H 


H 


L 


H 


1024 


H 


H 


L 


L 



t X1 is the almost-empty o ffset for FIF01 used by AEB. Y1 is the almost-full 
offset for FIF01 used by AFA. Both X1 and Y1 are selected during a reset 
of FIF01 or programmed from port A. 

$ When a word loaded to an empty FIFO is shifted to the output register, its 
previous FIFO memory location is free. 
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synchronized FIFO flags (continued) 



Table 5. FIF02 Flag Operation 



NUMBER OF WORDS IN 
FIF02T* 


SYNCHRONIZED 
TO CLKA 


SYNCHRONIZED 
TO CLKB 


ORA 


AEA 


AFB 


IRB 


0 


L 


L 


H 


H 


1 toX2 


H 


L 


H 


H 


(X2 + 1)to[1024-(Y2 + 1)] 


H 


H 


H 


H 


(1024-Y2) to 1023 


H 


H 


L 


H 


1024 


H 


H 


L 


L 



t X2 is the almost-empty o ffset for FIF02 used by AEA. Y2 is the almost-full 
offset for FIF02 used by AFB. Both X2 and Y2 are selected during a reset 
of FIF02 or programmed from port A. 

t When a word loaded to an empty FIFO is shifted to the output register, its 
previous FIFO memory location is free. 

output-ready flags (ORA, ORB) 

The output-ready flag of a FIFO is synchronized to the port clock that reads data from its array. When the 
output-ready flag is high, new data is present in the FIFO output register. When the output-ready flag is low, the 
previous data word is present in the FIFO output register and attempted FIFO reads are ignored. 

A FIFO read pointer is incremented each time a new word is clocked to its output register. The state machine 
that controls an output-ready flag monitors a write-pointer and read-pointer comparator that indicates when the 
FIFO SRAM status is empty, empty+1 , or empty+2. From the time a word is written to a FIFO, it can be shifted 
to the FIFO output register in a minimum of three cycles of the output-ready flag synchronizing clock; therefore, 
an output-ready flag is low if a word in memory is the next data to be sent to the FIFO output register and three 
cycles of the port clock that reads data from the FIFO have not elapsed since the time the word was written. 
The output-ready flag of the FIFO remains low until the third low-to-high transition of the synchronizing clock 
occurs, simultaneously forcing the output-ready flag high and shifting the word to the FIFO output register. 

A low-to-high transition on an output-ready flag synchronizing clock begins the first synchronization cycle of a 
write if the clock transition occurs at time t s ^i , or greater, after the write. Otherwise, the subsequent clock cycle 
can be the first synchronization cycle (see Figures 7 and 8). 

input-ready flags (IRA, IRB) 

The input-ready flag of a Fl FO is synchronized to the port clock that writes data to its array. When the input-ready 
flag is high, a memory location is free in the SRAM to receive new data. No memory locations are free when 
the input-ready flag is low and attempted writes to the FIFO are ignored. 

Each time a word is written to a FIFO, its write pointer is incremented. The state machine that controls an 
input-ready flag monitors a write pointer and read pointer comparator that indicates when the FIFO SRAM status 
is full, full — 1 , or full— 2. From the time a word is read from a FIFO, its previous memory location is ready to be 
written in a minimum of two cycles of the input-ready flag synchronizing clock; therefore, an input-ready flag is 
low if less than two cycles of the input-ready flag synchronizing clock have elapsed since the next memory write 
location has been read. The second low-to-high transition on the input-ready flag synchronizing clock after the 
read sets the input-ready flag high. 

A low-to-high transition on an input-ready flag synchronizing clock begins the first synchronization cycle of a 
read if the clock transition occurs at time X s ^ , or greater, after the read. Otherwise, the subsequent clock cycle 
can be the first synchronization cycle (see Figures 9 and 10). 
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almost-empty flags (AEA, AEB) 

The almost-empty flag of a FIFO is synchronized to the port clock that reads data from its array. The state 
machine that controls an almost-empty flag monitors a write pointer and read pointer comparator that indicates 
when the FIFO SRAM status is almost e mpty, almost empty+1 , o r alm ost empty+2. The almost-empty state is 
defined by the contents of register X1 for AEB and register X2 for AEA. These registers are loaded with preset 
values during a FIFO reset or programmed from port A (see almost-empty flag and almost-full flag offset 
programming). An almost-empty flag is low when its FIFO contains X or less words and is high when its FIFO 
contains (X + 1) or more words. A data word present in the FIFO output register has been read from memory. 

Two low-to-high transitions of the almost-empty flag synchronizing clock are required after a FIFO write for its 
almost-empty flag to reflect the new level of fill; therefore, the almost-empty flag of a FIFO containing (X + 1) 
or more words remains low if two cycles of its synchronizing clock have not elapsed since the write that filled 
the memory to the (X + 1) level. An almost-empty flag is set high by the second low-to-high transition of its 
synchronizing clock after the FIFO write that fills memory to the (X + 1) level. A low-to-high transition of an 
almost-empty flag synchronizing clock begins the first synchronization cycle if it occurs at time t S k2, or greater, 
after the write that fills the FIFO to (X + 1 ) words. Otherwise, the subsequent synchronizing clock cycle can be 
the first synchronization cycle (see Figures 11 and 12). 

almost-full flags (AFA, AFB) 

The almost-full flag of a FIFO is synchronized to the port clock that writes data to its array. The state machine 
that controls an almost-full flag monitors a write pointer and read pointer comparator that indicates when the 
FIFO SRAM stat us is almost full, almost full — 1 , or almost full— 2. The almost-full state is defined by the contents 
of register Y1 for AFA and register Y2 for AFB. These registers are loaded with preset values during a FIFO reset 
or programmed from port A (see almost-empty flag and almost-full flag offset programming). An almost-full flag 
is low when the number of words in its FIFO is greater than or equal to (1024 - Y) for the SN74ACT3622 or 
(1 024 - Y) for the SN74ACT3642. An almost-full flag is high when the number of words in its FIFO is less than 
or equal to [1 024 - (Y + 1 )] for the SN74ACT3622 or [1 024 - (Y + 1 )] for the SN74ACT3642. A data word present 
in the FIFO output register has been read from memory. 

Two low-to-high transitions of the almost-full flag synchronizing clock are required after a FIFO read for its 
almost-full flag to reflect the new level of fill; therefore, the almost-full flag of a FIFO containing [1 024 - (Y + 1 )] 
or less words remains low if two cycles of its synchronizing clock have not elapsed since the read that reduced 
the number of words in memory to [1024 - (Y + 1)]. An almost-full flag is set high by the second low-to-high 
transition of its synchronizing clock after the FIFO read that reduces the number of words in memory to 
[1024-(Y + 1)]. A low-to-high transition of an almost-full flag synchronizing clock begins the first 
synchronization cycle if it occurs at time t S [<2, or greater, after the read that reduces the number of words in 
memory to [1024 - (Y + 1)]. Otherwise, the subsequent synchronizing clock cycle can be the first 
synchronization cycle (see Figures 13 and 14). 

mailbox registers 

Each FIFO has a 36-bit bypass register to pass command and control information between port A and port B 
without putting it in queue. The mailbox-select (MBA, MBB) inputs choose between a mail register and a FIFO 
for a port-data-transfer operation. A low -to-high transition on CLKA writes A0-A35 data to the main register 
when a port-A write is selected by CSA, W/RA, and ENA and with MBA hi gh. A low-to-high transition on CLKB 
writes B0-B35 data to the mail2 register when a port-B write is selecte d by CSB , W/RB, and ENB and with MBB 
high. Writing data to a mail register sets its corresponding flag (MBF1 or MBF2) low. Attempted writes to a mail 
register are ignored while the mail flag is low. 

When data outputs of a port are active, the data on the bus comes from the FIFO output register when the port 
mailbox sele ct inpu t is low and from the mail register when the port-mailbox select input is high. The main 
register flag (MBF1) is set high by a low-to-high transition o n CLKB when a port-B read is selected by CSB, 
W/RB, and ENB and with MBB high. Th e ma i!2 register flag (MBF2) is set high by a low-to-high transition on 
CLKA when a port-A read is selected by CSA, W/RA, and ENA and with MBA high. The data in a mail register 
remains intact after it is read and changes only when new data is written to the register. 
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tpd(C-OR) f 



tpd(R-F) |«- 



AEB 



*pd(R-F) r 



tpd(R-F) f- 



^zzzzzzzzzz^ " 

Figure 1. FIF01 Reset Loading X1 and Y1 With a Preset Value of Eightt 

t FIF02 is reset in the same manner to load X2 and Y2 with a preset value. 
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t t s k-j is the minimum time between the rising CLKA edge and a rising CLKB edge for IRB to transition high in the next cycle. If the time between 

the risin g edge of CLKA and rising edge of CLKB is less than t S ki , then IRB may transition high one cycle later than shown. 
NOTE A: CSA = L, W/RA = H, MBA = L. It is not necessary to program offset register on consecutive clock cycles. 

Figure 2. Programming the Almost-Full Flag and Almost-Empty Flag Offset Values After Reset 
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Figure 3. Port-A Write-Cycle Timing for FIF01 
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Figure 4. Port-B Write-Cycle Timing for FIF02 
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Figure 5. Port-B Read-Cycle Timing for FIF01 
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Figure 6. Port-A Read-Cycie Timing for FIF02 
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t t S ki is the minimum time between a rising CLKA edge and a rising CLKB edge for ORB to transition high and to clock the next word to the FIF01 
output register in three CLKB cycles. If the time between the rising CLKA edge and rising CLKB edge is less than t s ki , then the transition of ORB 
high and load of the first word to the output register may occur one CLKB cycle later than shown. 

Figure 7. ORB-Flag Timing and First-Data-Word Failthrough When FIF01 Is Empty 
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t t S ki is the minimum time between a rising CLKB edge and a rising CLKA edge for ORA to transition high and to clock the next word to the FIF02 
output register in three CLKA cycles. If the time between the rising CLKB edge and rising CLKA edge is less than t s |<i , then the transition of ORA 
high and load of the first word to the output register may occur one CLKA cycle later than shown. 

Figure 8. ORA-Flag Timing and First-Data-Word Fallthrough When FIF02 Is Empty 
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t t s ki is the minimum time between a rising CLKB edge and a rising CLKA edge for IRA to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than t S |<i , then IRA may transition high one CLKA cycle later than shown. 

Figure 9. SRA-FSag Timing and First Available Write When FIF01 Is Full 
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*pd(C-IR) ^ 



w(CLKL) 



CSB Low 



W/RB 



MBB 



Low 



tsu(EN) 



tsu(EN) |« — »[«-») th(EN) 



J tpd(C-IR) 



Ith(EN) 



jpzzzzzzzzzzzzz. 



»j *h(D) 



tsu(D) w— t h (D) 



To FIF02 



t tskl «s th © minimum time between a rising CLKA edge and a rising CLKB edge for IRB to transition high in the next CLKB cycle. If the time between 
the rising CLKA edge and rising CLKB edge is less than t S |<i , then IRB may transition high one CLKB cycle later than shown. 

Figure 10. IRB-Flag Timing and First Available Write When FIF02 Is Full 
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clka/ — s t — s / — s / — \ / — s r 

wen» r th(EN » 

s 

- tsk2 T -A 

cukb^^^ \—Jn — \ n — s / v 



ENA M/>//J IVsS.V^VsV 



tpd(C-AE) \ H «pd(C-AE) [*- 



AEB X1 Words In FIF01 if (X1 + 1) Words in FIF01 ! \_ 



ENB 



t t S k2 is the minimum time between a rising CLKA edge and a rising CL KB ed ge for AEB to transition high in the next CLKB cycle. If the time between 

the rising CLKA edge and r ising CLKB edge is less than t S k2, then AEB may transition high one CLKB cycle later than shown. 
NOTE A: FIF01 write (CSA = L, W/RA = H, MBA = L), FIF01 read (CSB - L, W/RB = H, MBB = L). Data in the FIF01 output register has been 
read from the FIFO. 

Figure 11. Timing for AEB When FIF01 Is Almost Empty 



clkb y \ if — — \ / — \ j — \ r 

" »h(EN) 



ENB 



W -A 

clka ~~\ / ^_jn — s n — \ / \ 



tpd(C-AE) -|* r*\ *pd(C-AE) U H 

AEA X2 Words in FIFQ2 ^ (X2 + 1) Words In FIF02 j V- 

« S »(EN>^ r ,h(EN » 

//////// 



ENA 



t t s k2 is the minimum time between a rising CLKB edge and arising CL KA ed ge for AEA to transition high in the next CLKA cycle. If the time between 

the rising CLKB edge and r ising CLKA edge is less than t s j<2, then AEA may transition high one CLKA cycle later than shown. 
NOTE A: FIF02 write (CSB = L, W/RB = L, MBB = L), FIF02 read (CSA = L, W/RA = L, MBA = L). Data in the FIF02 output register has been 
read from the FIFO. 

Figure 12. Timing for AEA When FIF02 Is Almost Empty 
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I*- tsk2t -*| 

clka f v y—\ / — f-\ ^ — ^—f 2 — \- 



t su(EN) ^-^ p~ *h(EN) 

ENA VsSSSSSS - 



»pd(C-AF) — H W I «pd(C-AF) -k- 



AFA [1024 -(Y1 + 1)] Words in FIF01 V (1024- Y1) Words In FIFQ1 jf 



/ — s / — s Jr~\ / — s r 



CLKB 

tsuST^ l^' h(ENr 



ENB 



t t s k2 is the minimum time between a rising CLKA edge and a rising CL KB ed ge for AFA to transition high in the next CLKA cycle. If the time between 

the rising CLKA edge and r ising CLKB edge is less than t s j<2, then AFA maytransition high one CLKB cycle later than shown. 
NOTE A: FIF01 write (CSA = L, W/RA = H, MBA = L), FIF01 read (CSB - L, W/RB « H, MBB = L). Data in the FIF01 output register has been 
read from the FIFO. 

Figure 13. Timing for AFA When FIF01 Is Almost Full 
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AFB [1024 -(Y2 + 1)] Words in FIF02 V (1024 -Y2) Words in FIFQ2 jf~ 

I 



CLKA 



ENA 



j — v / — ^ t — ^ / — \ r 

t3u(EN)|— 3 j'-'lKEN) 



t t s k2 is the minimum time between a rising CLKB edge and a rising CL KA ed ge for AFB to transition high in the next CLKB cycle. If the time between 

the rising CLKB edge and r ising CLKA edge is less than t s j<2, then AFB may transition high one CLKA cycle later than shown. 
NOTE A: FIF02 write (CSB = L, W/RB= L, MBB = L), FIF02 read (CSA = L, W/RA = L, MBA = L). Data in the FIF02 output register has been 
read from the FIFO. 

Figure 14. Timing for AFB When FIF02 Is Almost Full 
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ENB 
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V 
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FIF01 Output Register 



^5<5&5<3k W1 (remains valid in maiH register after read) ) L 



Figure 15. Timing for MaiH Register and MBF1 Flag 
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Figure 16. Timing for Mail2 Register and MBF2 Flag 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vcc • • -0.5 V to 7 V 

Input voltage range, V| (see Note 1) -0.5 V to V<x + 0.5 V 

Output voltage range, Vq (see Note 1 ) -0.5 V to Vcc + °- 5 v 

Input clamp current, I|k(V|<0 or V|> Vcc) ■ ±20 mA 

Output clamp current, Iqk ( v 0 < 0 or Vq > Vcc) ■ ±50 mA 

Continuous output current, Iq (Vq = 0 to Vcc) ±50 mA 

Continuous current through Vcc or GND . . . . ±400 mA 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg . . . -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output voltage ratings may be exceeded provided the input and output current ratings are observed. 

recommended operating conditions 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


v 


V|L 


Low-level input voltage 


0.8 


V 


'OH 


High-level output current 


-4 


mA 


lOL 


Low-level output current 


8 


mA 


T A 


Operating free-air temperature 


0 


70 





■o 

J3 

o 

D 
C 

o 

H 
"O 

u 
m 



m 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


VOH 


Vcc = 4 -5 V, Iqh = -4 ™A 


2.4 


V 


vol 


Vcc = 4 - 5 V ' 'OL = 8 mA 


0.5 


V 


ii 


Vcc = 5.5 V, V| = V C CorO 


±5 


MA 


ioz 


Vcc = 5.5 V, V 0 = V C CorO 


±5 


HA 


'cc 


Vcc = 5-5 V, V| = Vcc - 0.2 V or 0 


400 


pA 


AlGC* 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


CSA = V| H 


A0-A35 


0 


mA 


CSB = V| H 


B0-B35 


0 


CSA = V|[_ 


A0-A35 


1 


CSB = V|[_ 


B0-B35 


1 


All other inputs 


1 


c,- 


V| = 0, f = 1 MHz 


4 


PF 


Co 


Vq = 0, f = 1 MHz 


8 


PF 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

$ This is the supply current when each input is at one of the specified TTL voltage levels rather than 0 V or Vcc- 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 16) 





'ACT3642-15 


ACT3642-20 


ACT3642-30 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


f clock Clock frequency, CLKA or CLKB 


66.7 


50 


33.4 


MHz 


t c Clock cycle time, CLKA or CLKB 


15 


20 


30 


ns 


t w (CLKH) Pu,se duration, CLKA and CLKB high 


6 


8 


10 


ns 


t w (CLKL) Pu,se duration, CLKA and CLKB low 


6 


8 


10 


ns 


tsu(D) Setup time, A0-A35 before CLKAt and B0-B35 before CLKBt 


4 


5 


6 


ns 


Setup time, CSA, W/RA, ENA, and MBA before CLKAt; CSB, 
tsu(EN) w/RB, ENB, and MBB before CLKBT 


4 


5 


6 


ns 


tsu(RS) Setup time, RSTT or RST2 low before CLKAT or CLKBT§ 


5 


6 


7 


ns 


tsu(FS) Setup time, FS0 and FS1 before RST1 and RST2 high 


5 


6 


7 


ns 


t n (D) Hold time, A0-A35 after CLKAt and B0-B35 after CLKBt 


0 


0 


0 


ns 


Hold time, CSA, W/RA, ENA, and MBA after CLKAt; CSB, W/RB, 
th(EN) ENB, and MBB after CLKBt 


0 


0 


0 


ns 


th(RS) Hold time, RSTT or RST2 low after CLKAt or CLKBt§ 


4 


4 


5 


ns 


*h(FS) Hold time, FS0 and FS1 after RST1 and RST2 high 


2 


3 


3 


ns 


. f Skew time between CLKAt and CLKBt for ORA, ORB, IRA, and 
tskl* |RB 


6 


8 


10 


ns 


. « Skew time between CLKAt and CLKBt for AEA, AEB, AFA, and 
*sk2^ AFB 


12 


16 


20 


ns 



§ Requirement to count the clock edge as one of at least four needed to reset a FIFO 

1f Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between CLKA cycle and 
CLKB cycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C[_ = 30 pF (see Figures 1 through 16) 



PARAMETER 


'ACT3642-15 


'ACT3642-20 


ACT3642-30 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


t a Access time, CLKAt to A0-A35 and CLKBt to B0-B35 


11 


13 


15 


ns 


tpd(C-IR) Propagation delay time, CLKAT to IRA and CLKBT to IRB 


11 


13 


15 


ns 


tpd(C-OR) Propagation delay time, CLKAT to ORA and CLKBT to ORB 


11 


13 


15 


ns 


t«^/n a c\ ProDaaation delav time CLKAT to AEA and CLKBT to APR 




13 


15 




tpd(C-AF) Propagation delay time, CLKAT to AFA and CLKBT to AFB 


11 


13 


15 


ns 


Propagation delay time, CLKAT to MBF1 low or MBF2 high and 
tpd(C-MF) CLKBT to MBF2 low or MBFT high 


11 


13 


15 


ns 


. propagation oeiay time, olka i to bo— booi ana ulad i to 
tpd(C-MR) A o-A35t 


11 


13 


15 


ns 


. Propagation delay time, MBA to A0-A35 valid and MBB to 
tpd(M-DV) B0-B35 valid 


9 


11 


13 


ns 


Propagation delay time, RST1 low to AEB low, AFA high, and 
tpd(R-F) MBF1 high, and RST2 low to AEA low, AFB high, and MBF2 high 


15 


20 


30 


ns 


Enable time, CSA and W/RA low to A0-A35 active and CSB low 
en and W/RB high to BO- B35 active 


10 


12 


14 


ns 


Disable time, CSA or W/RA high to A0-A35 at high impedance 
dis and CSB high or W/RB low to B0-B35 at high impedance 


10 


12 


14 


ns 



t Writing data to the main register when the B0-B35 outputs are active and MBB is high 
$ Writing data to the mail2 register when the AO- A35 outputs are active and MBA is high 
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TYPICAL CHARACTERISTICS 

SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 
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calculating power dissipation 



With lcc(f) taken from Figure 1 7, the maximum power dissipation (Pt) of the SN74ACT3642 can be calculated 
by: 

PT - V C C x PcC(f) + (N x Alec x dc)] + I(C L x V CC 2 x f 0 ) 
where: 

N = number of inputs driven by TTL levels 

AIqc = increase in power supply current for each input at a TTL high level 
dc = duty cycle of inputs at a TTL high level of 3.4 V 
Cl = output capacitive load 



LU 

> 
LU 
0C 
Q. 



Q 
O 



switching frequency of an output 
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PARAMETER MEASUREMENT INFORMATION 

5V 



From Output 
Under Test 



680 Q 



1.1 kQ 



30 pF 

(see Note A) 



LOAD CIRCUIT 



Timing 
Input 



3/1.5 V 

A — 



3V 
GND 



tsuH< _^— H"t h 

Data, \J — \} --3V 

Enable /1*V \l.5V 
Input — f \— QND 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



High-Level 
Input 



Low-Level 
Input 



1.5 V 



tw 



1.5 V 



I™. 



3V 
GND 

3V 
GND 



VOLTAGE WAVEFORMS 
PULSE DURATIONS 



Output 
Enable 



Low-Level 
Output 



— / i i 

—►I \<— *PLZ 



High-Level 
Output 



1.5 V 



3V 

GND 

^-tp ZL 

\ »3V 



i V- 5V 



*PZH 



vol 



\ 1/ v 



V 0 H 
0V 



tPHZ 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 



Input /j^ 15V ^1 

tpd-K— *\ 



1.5 V 



- 3V 
— GND 



In-Phase 
Output 



I* ^-t pd 

I - V 0H 
1.5 V \ 1.5 V 

vol 



1.5V N^1-5V 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



NOTE A: Includes probe and jig capacitance 

Figure 18. Load Circuit and Voltage Waveforms 
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General Information 



1 



Telecom Single-Bit FIFOs 


2 


Reduced-Width FIFOs 




9-Bit Clocked/Strobed FIFOs 


B 


8- and 9-Bit Asynchronous FIFOs 


5 


0-Bit Synchronous FIFOs 


6 


1 8-Bit Clocked FIFOs B 


18-Bit Strobed FIFOs 


8 


Multl-QF 18-Bit FIFO 


9 


3.3-V Low-Powered 18-Bit FIFOs 


10 


DSP 32- and 36-Bit Clocked FIFOs 


11 


Internetworking 36-Bit Clocked FIFOs 


12 


High-Bandwidth Computing 36-Bit Clocked FIFOs 


13 


Military FIFOs 


14 


Application Reports 


15 


Mechanical Data 


16 
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INTERNETWORKING 36-BIT CLOCKED FIFOS 
Features Benefits 
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• 36-bit FIFO interface 

• Bidirectional option 

• Mailbox-register bypass 

• Microprocessor-control circuitry 



• Separate programmable AF and AE flags 
as well as multiple default values for 
separate AF and AE flags 

• Byte swapping/bus matching 



• Parity generation and check 

• Tl has established alternate source 



options 



Single-chip implementation for high levels 
of integration 

Two dual-port SRAMs allow true 
bidirectional capability 

Quick access to priority information 

Interface matches most processors and 
DSP bus-cycle timing and 
communications 

Easy alternatives for flag settings 



Allows for smooth interface between 
multiple processors or buses 

Ensures valid data 

67% less board space than equivalent 
132-pin PQFPs; over 66% less board 
space than four 9-bit, 32-pin PLCC 
equivalents 
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• Microprocessor Interface Control Logic 

• FF and AF Flags Synchronized by CLKA 

• EF and AE Flags Synchronized by CLKB 

• Passive Parity Checking on Each Port 

• Parity Generation Can Be Selected for Each 
Port 

• Low-Power Advanced BiCMOS Technology 

• Supports Clock Frequencies up to 67 MHz 

• Fast Access Times of 10 ns 

• Package Options Include Space-Saving 
120-Pin Thin Quad Flat (PCB) and 132-Pin 
Quad Flat (PQ) Packages 



• Free-Running CLKA and CLKB Can Be 
Asynchronous or Coincident 

• 64 x 36 FIFO Buffering Data From Port A to 
PortB 

• Mailbox Bypass Registers in Each 
Direction 

• Dynamic Port-B Bus Sizing of 36 Bits (Long 
Word), 18 Bits (Word), and 9 Bits (Byte) 

• Selection of Big- or Little-Endian Format for 
Word and Byte Bus Sizes 

• Three Modes of Byte-Order Swapping on 
PortB 

• Programmable Almost-Full and 
Almost-Empty Flags 

description 

The SN74ABT361 3 is a high-speed, low-power BiCMOS clocked FIFO memory. It supports clock frequencies 
up to 67 MHz and has read-access times as fast as 1 0 ns. A 64 x 36 dual-port SRAM FIFO in this device buffers 
data from port A to port B. The FIFO has flags to indicate empty and full conditions and two programmable flags 
(almost full and almost empty) to indicate when a selected number of words is stored in memory. FIFO data on 
port B can be output in 36-bit, 1 8-bit, and 9-bit formats with a choice of big- or little-endian configurations. Three 
modes of byte-order swapping are possible with any bus-size selection. Communication between each port can 
bypass the FIFO via two 36-bit mailbox registers. Each mailbox register has a flag to signal when new mail has 
been stored. Parity is checked passively on each port and can be ignored if not desired. Parity generation can 
be selected for data read from each port. 

The SN74ABT3613 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable 
signals. The continuous clocks for each port are independent of one another and can be asynchronous or 
coincident. The enables for each port are arranged to provide a simple interface between microprocessors 
and/or buses controlled by a synchronous interface. 

The full flag and almost-full flag of a FIFO are two-stage synchronized to the port clock that writes data to its 
array. The empty flag and almost-empty flag of a FIFO are two-stage synchronized to the port clock that reads 
data from its array. 

The SN74ABT361 3 is characterized for operation from 0°C to 70°C. 

For more information on this device family, see the application reports FIFO Mailbox-Bypass Registers^ Using 
Bypass Registers to Initialize DMA Control, Advanced Bus-Matching/Byte-Swapping Features for Internetwor- 
king FIFO Applications, Parity-Generate and Parity-Check Features for High-Bandwidth-Computing FIFO Ap- 
plications, and Internetworking the SN74ABT3614 in the 1996 High-Performance FIFO Memories Designer's 
Handbook, literature number SCAA012A. 



PRODUCTION DATA information is current as of publication date. — Copyright© 1996, Texas Instruments Incorporated 

J >f Texas Instruments mim 

testing of all parameters. \^ TEXAS 



Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 



Instrument 



POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 1 2-3 



SN74ABT3613 

64 x 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY 
WITH BUS MATCHING AND BYTE SWAPPING 

SCBS128E- JULY 1992 -REVISED FEBRUARY 1996 



A23 
A22 
A21 
GND 
A20 
A19 
A18 
A17 
A16 
A15 
A14 
A13 
A12 
A11 
A10 
GND 
A9 
A8 
A7 

V C C 
A6 
A5 
A4 
A3 

GND 
A2 
A1 
AO 
NC 
NC 



IOCDONCOoQ Or- 

nnnnnnnnn 



OOJOONOW^WWrOOi 



PCB PACKAGE 
(TOP VIEW) 

cm co ;<t in 9 in 3- oo < 

COOOCOOOfsOOOOOO< 
< << < O CD CD CD 1 

nnnnnnnnn 



CO coZ OJ 
CD COO CD 

nnnnnnnnnnn 



i 00 N. O CD 
J CM OJ QCM 
I CD CD^TCD 



m ^- co 

CM CM OJ 
CQ CD CD 



Si 



1 

2 
3 
4 
5 
6 
7 
8 
9 

a 10 

c 11 
C 12 
C 13 
C 14 
C 15 

qi6 

17 



18 
19 
20 
21 
□ 22 
C 23 
C 24 
C 25 
C 26 
C 27 
C 28 
C 29 
C 30 



90 □ 
89 □ 
88 □ 
87 □ 
86 □ 
85 □ 
84 3 
83 □ 



82 
81 
80 
79 
78 P 



§ J> s s 

uuuuuuuuuuuuuuuuuuuuuuu 



77 
76 
75 
74 
73 
72 
71 
70 p 
69 □ 
68 □ 
67 □ 
66 □ 
65 □ 
64 □ 
63 □ 
62 □ 
61 3 



ff < <<,< Q< 

u-coz2 or oo 
olu -J g> 



< T- O 

CD CO CO 
^ LL LL 



Z Ih; Q ILU ^ O 
>FO COCO 

Q 
Q 
O 



y- O 
N N 
CO CO 



lO U) LO lO LO LO CD 

U U U U U U U 
CDICD O 
Z CO Z 

sgguib 



B22 

B21 

GND 

B20 

B19 

B18 

B17 

B16 

B15 

B14 

B13 

B12 

B11 

B10 

GND 

B9 

B8 

B7 

V C C 

B6 

B5 

B4 

B3 

GND 

B2 

B1 

B0 

EF 

AE 

NC 



NC - No internal connection 



12-4 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN74ABT3613 

64 x 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY 
WITH BUS MATCHING AND BYTE SWAPPING 

SCBS128E - JULY 1992 - REVISED FEBRUARY 1996 



PQ PACKAGEt 
(TOP VIEW) 



Q< III Q 
OO lu Z 

> Q_ |Q- CD 



< - o 
S| w CO 



Q i- O 
Z ILL! £ £ 

O Icq co co 



CD m 

z bo 
hi p 



/ \ nnnnnnnnnnnnnnnnnnn nnnnnnnnnnnnnn /\ 

17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 132 130 128 126 124 122 120 118 *r 



GND i 
NC I 
NC i 
AO i 
A1 i 
A2 i 

GND i 
A3 I 
A4 i 
A5 I 
A6 i 

V C C 1 
A7 i 
A8 I 
A9 I 
GND I 
A10 i 
A11 i 

Vcc 1 

A12 i 
A13 i 
A14 ! 

GND i 
A15 i 
A16 i 
A17 
A18 i 
A19 
A20 i 

GND i 
A21 i 
A22 i 
A23 i 



1 132 130 128 126 124 122 120 118 
Q 131 129 127 125 123 121 119 



117 
116 

115 

114 

113 

112 

111 

110 

109 

108 

107 

106 

105 

104 

103 

102 

101 

100 

99 

98 

97 

96 

95 

94 

93 

92 

91 

90 

89 

88 

87 

86 

85 

84 



<J 



51 52 53 54 55 56 

umnnnr 



GND 
AE 

t EF 

B0 
i B1 
i B2 

GND 
i B3 
i B4 
i B5 
i B6 

Vcc 
B7 
B8 
B9 
GND 
B10 
i B11 

Vcc 
i B12 
i B13 
i B14 
I GND 
I B15 
I B16 
I B17 
I B18 
I B19 
I B20 
I GND 
I B21 
i B22 
I B23 



57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 

UUUUUUUUUUUUUUtJUUUUUUUUUUU u \J> 

oo o> O o i- - - - - - • - — - - 



& Q & 3 & 
< 3 < < < 



^ CO CO CO ^ 00 00 CO QCVJCVJCVJ^CVJCNJCNI o 
gCQCQCQgCDCDCD>CQCQCQgCQCDCQ> 



NC - No internal connection 

t Uses Yamaichi socket IC51 -1324-828 



^?lEXAS 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 1 2-5 



SN74ABT3613 

64 x 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY 
WITH BUS MATCHING AND BYTE SWAPPING 

SCBS128E - JULY 1 992 - REVISED FEBRUARY 1 996 



functional block diagram 
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Terminal Functions 



TERMINAL 
NAME 


I/O 


DESCRIPTION 


A0-A35 


I/O 


Port-A data. The 36-bit bidirectional data port for side A. 


AE 


0 

(port B) 


Almost-empty flag. Programmable almost-empty flag synchronized to CLKB. AE is low when the number of 36-bit words 
in the FIFO is less than or equal to the value in offset register X. 


AF 


O 

(port A) 


Almost-full flag. Programmable almost-full flag synchronized to CLKA. AF is low when the number of 36-bit empty 
locations in the FIFO is less than or equal to the value in offset register X. 


B0-B35 


I/O 


Port-B data. The 36-bit bidirectional data port for side B. 


BE 


I 


Big-endian select. Selects the bytes on port B used during byte or word FIFO reads. A low on BE selects the most 
significant bytes on B0-B35 for use, and a high selects the least significant bytes. 


CLKA 


I 


Port-A clock. CLKA is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to CLKB. FF and AF are synchronized to the low-to-high transition of CLKA. 


CLKB 


I 


Port-B clock. CLKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
or coincident to CLKA. Port-B byte swapping and data-port-sizing operations are also synchronous to the low-to-high 
transition of CLKB. EF and AE are synchronized to the low-to-high transition of CLKB. 


CSA 


I 


Port-A chip select. CSA must be low to enable a low-to-high transition of CLKA to read or write data on port A. The 
A0- A35 outputs are in the high-impedance state when CSA is high. 


CSB 


I 


Port-B chip select. CSB must be low to enable a low-to-high transition of CLKB to read or write data on port B. The 
B0-B35 outputs are in the high-impedance state when CSB is high. 


EF 


0 

(port B) 


Empty flag. EF is synchronized to the low-to-high transition of CLKB. When EF is low, the FIFO is empty and reads from 
its memory are disabled. Data can be read from the FIFO to the output register when EF is high. EF is forced low when 
the device is reset and is set high by the second low-to-high transition of CLKB after data is loaded into empty FIFO 
memory. 


ENA 


I 


Port-A enable. ENA must be high to enable a low-to-high transition of CLKA to read or write data on port A. 


ENB 


I 


Port-B enable. ENB must be high to enable a low-to-high transition of CLKB to read or write data on port B. 


FF 


0 

(port A) 


Full flag. FF is synchronized to the low-to-high transition of CLKA. When FF is low, the FIFO is full and writes to its 
memory are disabled. FF is forced low when the device is reset and is set high by the second low-to-high transition of 
CLKA after reset. 


FS1 , FSO 


I 


Flag offset selects. The low-to-high transition of RST latches the values of FSO and FS1 , which selects one of four preset 
values for the almost-empty flag and almost-full flag offset. 


MBA 


I 


Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A read or write operation. When the 
A0-A35 outputs are active, mail2 register data is output. 


MBFT 


0 


MaiH register flag. MBF1 is set low by the low-to-high transition of CLKA that writes data to the maih register. Writes 
to the maih register are inhibited while MBF1 is low. MBF1 is set high by a low-to-high transition of CLKB when a port-B 
read is selected and both SIZ1 and SIZO are high. MBF1 is set high when the device is reset. 


MBF2 


0 


Mail2 register flag. MBF2 is set low by the low-to-high transition of CLKB that writes data to the mail2 register. Writes 
to the mail2 register are inhibited while MBF2 is low. MBF2 is set high by a low-to-high transition of CLKA when a port-A 
icau ib bcicuicu diiu iviDrv is myii. iviDr^ is sei nign wnen ine aevice is reset. 


ODD/ 
EVEN 


I 


Odd/even parity select. Odd parity is checked on each port when ODD/EVEN is high and even parity is checked when 
ODD/EVEN is low. ODD/EVEN also selects the type of parity generated for each port if parity generation is enabled 
for a read operation. 


PEFA 


0 

(port A) 


Port-A parity error flag. When any byte applied to terminals A0-A35 fails parity, PEFA is low. Bytes are organized as 
A0-A8, A9-A17, A18-A26, and A27-A35 with the most significant bit of each byte serving as the parity bit. The type 
of parity checked is determined by the state of ODD/EVEN. 

The parity trees used to check the A0-A35 inputs are shared by the mail2 register to generate parity if parity generation 
is selected by PGA; therefore, if a mail2 read with parity generation is set up by having CSA low, ENA high, W/RA low, 
MBA high, and PGA high, the PEFA flag is forced high regardless of the state of the A0-A35 inputs. 
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Terminal Functions (Continued) 



TERMINAL 
NAME 


I/O 


DESCRIPTION 


peep 
rCrD 


o 

(port B) 


Port-B parity error flag. When any valid byte applied to terminals BO - B35 fails parity, PEFB is low. Bytes are organized 
as B0-B8, B9-B17, B18-B26, and B27-B35 with the most significant bit of each byte serving as the parity bit. A 
byte is valid when it is used by the bus size selected for port B. The type of parity checked is determined by the state 
nnn/F\/PM 

OT VJUU/CVCIN. 

The parity trees used to check the BO - B35 inputs are shared by the mail 1 register to generate parity if parity generation 
is selected by PGB; therefore, if a main read with parity generation is set up by having CSB low, ENB high, W/RB low, 
SIZ1 and SIZO high, and PGB high, the PEFB flag is forced high regardless of the state of the B0-B35 inputs. 


PGA 


I 


Port-A parity generation. Parity is generated for data reads from the mail2 register when PGA is high. The type of parity 
generated is selected by the state of ODD/EVEN. Bytes are organized as AO- A8, A9- A1 7, A1 8- A26, and A27- A35. 
The generated parity bits are output in the most significant bit of each byte. 


PGB 


I 


Port-B parity generation. Parity is generated for data reads from port B when PGB is high. The type of parity generated 
is selected by the state of ODD/EVEN. Bytes are organized as B0-B8, B9-B17, B18-B26, and B27-B35. The 
generated parity bits are output in the most significant bit of each byte. 


RST 


I 


Reset. To reset the device, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur 
while RST is low. This sets the AF, MBF1, and MBF2 flags high and the EF, AE, and FF flags low. The low-to-high 
transition of RST latches the status of the FS1 and FSO inputs to select almost-full flag and almost-empty flag offset. 


SIZ0.SIZ1 


I 

(port B) 


Port-B bus size selects. The low-to-high transition of CLKB latches the states of SIZO, SIZ1 , and BE, and the following 
low-to-high transition of CLKB implements the latched states as a port-B bus size. Port-B bus sizes can be long word, 
word, or byte. A high on both SIZO and SIZ1 accesses the mailbox registers for a port-B 36-bit write or read. 


SWO, SW1 


I 

(port B) 


Port-B byte swap selects. At the beginning of each long word FIFO read, one of four modes of byte-order swapping 
is selected by SWO and SW1 . The four modes are no swap, byte swap, word swap, and byte-word swap. Byte-order 
swapping is possible with any bus-size selection. 


W/RA 


I 


Port-A write/read select. W/RA high selects a write operation and a low selects a read operation on port A for a 
low-to-high transition of CLKA. The A0-A35 outputs are in the high-impedance state when W/RA is high. 


W/RB 


I 


Port-B write/read select. W/RB high selects a write operation and a low selects a read operation on port B for a 
low-to-high transition of CLKB. The B0-B35 outputs are in the high-impedance state when W/RB is high. 



detailed description 
reset 

The SN74ABT3613 is reset by taking the reset (RST) input low for at least four port-A clock (CLKA) and four 
port-B clock (CLKB) low-to-high transitions. The reset input can switch asynchronously tothe clocks. A device 
reset initializes the internal read and write pointers of each FIFO and forces the full flag (FF) low, the empty flag 
( EF) low, the a lmost-empty flag (AE)Jow, and the almost-full flag (AF) high. A reset also forces the mailbox flags 
(MBF1 , MBF2) high. After a reset, FF is set high after two low-to-high transitions of CLKA. The device must be 
reset after power up before data is written to its memory. 

A low-to-high transition on the RST input loads the almost-full and almost-empty offset register (X) with the value 
selected by the flag-select (FSO, FS1) inputs. The values that can be loaded into the register are shown in 
Table 1 . 



Table 1. Flag Programming 



FS1 


FSO 


RST 


ALMOST-FULL AND 
ALMOST-EMPTY FLAG 
OFFSET REGISTER (X) 


H 


H 


T 


16 


H 


L 


T 


12 


L 


H 


T 


8 


L 


L 


t 


4 
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FIFO write/read operation 

The state of the port-A data (A0-A35) outputs is controlled by the port-A chip select (CSA ) and the port-A 
write/read select (W/RA). The A0-A35 outputs are in the high-impedance state when either CSA or W/RA is 
high. The A0-A35 outputs are active when both CSA and W/RA are low. Data is loaded into the FIFO from the 
A0-A35 inputs on a low-to-high transition of CLKA when CSA is low, W/RA is high, ENA is high, MBA is low, 
and FFA is high (see Table 2). 



Table 2. Port-A Enable Function Table 



CSA 


W/RA 


ENA 


MBA 


CLKA 


A0-A35 OUTPUTS 


PORT FUNCTION 


H 


X 


X 


X 


X 


In high-impedance state 


None 


L 


H 


L 


X 


X 


In high-impedance state 


None 


L 


H 


H 


L 


t 


In high-impedance state 


FIFO write 


L 


H 


H 


H 


T 


In high-impedance state 


MaiH write 


L 


L 


L 


L 


X 


Active, mail2 register 


None 


L 


L 


H 


L 


T 


Active, mail2 register 


None 


L 


L 


L 


H 


X 


Active, mail2 register 


None 


L 


L 


H 


H 


t 


Active, mail2 register 


Mail2read (set MBF2 high) 



The state of the portJ3 data (B0-B35) outputs is controlled by the port-B chip select (CSB) and the port-B 
write/read select (W/RB). The B0-B35 outputs a re in t he high-impedance state when either CSB or W/RB is 
high. The B0-B35 outputs are active when both CSB an d W/R B are lowJData is read from the FIFO to the 
B0-B35 outputs by a low-to-high transition of CLKB when CSB is low, W/RB is low, ENB is high, EFB is high, 
and either SIZO or SIZ1 is low (see Table 3). 



Table 3. Port-B Enable Function Table 



CSB 


W/RB 


ENB 


SIZ1.SIZ0 


CLKB 


B0-B35 OUTPUTS 


PORT FUNCTION 


H 


X 


X 


X 


X 


In high-impedance state 


None 


L 


H 


L 


X 


X 


In high-impedance state 


None 


L 


H 


H 


One, both low 


t 


In high-impedance state 


None 


L 


H 


H 


Both high 


T 


In high-impedance state 


Mail2 write 


L 


L 


L 


One, both low 


X 


Active, FIFO output register 


None 


L 


L 


H 


One, both low 


T 


Active, FIFO output register 


FIFO read 


L 


L 


L 


Both high 


X 


Active, main register 


None 


L 


L 


H 


Both high 


T 


Active, mail! register 


Maih read (set MBF1 high) 



The setup- jnd hojd-time constraints to the port clocks for the port-chip selects (CSA, CSB) and write/read 
selects (W/RA, W/RB) are only for enabling write and read operations and are not related to high-impedance 
control of the data outputs. If a port enable is low during a clock cycle, the port-chip select and write/read select 
can change states during the setup- and hold-time window of the cycle. 
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synchronized FIFO flags 

Each FIFO flag Is synchronized to its port clock through two flip-flop stages. This is done to improve flag reliability 
by reducing the probability of metastable events on the output when CLKA and CLKB operate asynchronously 
to one another (see the application report Metastability Performance of Clocked FIFOs in the 1996 
High-Performance FIFO Memories Data Book, literature number SCAD003C). FF and AF are synchronized to 
CLKA. EF and AE are synchronized to CLKB. Table 4 shows the relationship of each port flag to the level of 
FIFO fill. 



Table 4. FIFO Flag Operation 



NUMBER OF 36-BIT 
WORDS IN THE FIFOt 


SYNCHRONIZED 
TO CLKB 


SYNCHRONIZED 
TO CLKA 


EF 


AE 


AF FF 


0 


L 


L 


H H 


1 toX 


H 


L 


H H 


(X+1)to [64-(X + 1)] 


H 


H 


H H 


(64 -X) to 63 


H 


H 


L H 


64 


H 


H 


L L 



t X is the value in the almost-empty flag and almost-full flag offset register. 



empty flag (EF) 

The FIFO empty flag is synchronized to the port clock that reads data from its array (CLKB). When the empty 
flag is high, new data can be read to the FIFO output register. When the empty flag is low, the FIFO is empty 
and attempted FIFO reads are ignored. When reading the FIFO with a byte or word size on port B, EF is set 
low when the fourth byte or second word of the last long word is read. 

The FIFO read pointer is incremented each time a new word is clocked to the output register. The state machine 
that controls the empty flag monitors a write-pointer and a read-pointer comparator that indicates when the Fl FO 
SRAM status is empty, empty+1 , or empty+2. A word written to the FIFO can be read to the FIFO output register 
in a minimum of three port-B clock (CLKB) cycles. An empty flag is low if a word in memory is the next data to 
be sent to the FIFO output register and two cycles of the port clock that reads data from the FIFO have not 
elapsed since the time the word was written. The Fl FO empty flag is set high by the second low-to-high transition 
of CLKB and the new data word can be read to the FIFO output register in the following cycle. 

A low-to-high transition on CLKB begins the first synchronization cycle of a write if the clock transition occurs 
at time t s ^i , or greater, after the write. Otherwise, the subsequent clock cycle can be the first synchronization 
cycle (see Figure 9). 

full flag (FF) 

The FIFO full flag is synchronized to the port clock that writes data to its array (CLKA). When the full flag is high, 
a memory location is free in the SRAM to receive new data. No memory locations are free when the full flag is 
low and attempted writes to the FIFO are ignored. 

Each time a word is written to the FIFO, the write pointer is incremented. The state machine that controls a full 
flag monitors a write-pointer and a read-pointer comparator that indicates when the FIFO SRAM status is full, 
full — 1 , or full -2. From the time a word is read from the FIFO, the previous memory location is ready to be written 
in a minimum of three CLKA cycles. A full flag is low if less than two CLKA cycles have elapsed since the next 
memory-write location has been read. The second low-to-high transition on the full-flag synchronizing clock 
after the read sets the full flag high and data can be written in the following clock cycle. 

A low-to-high transition on CLKA begins the first synchronization cycle of a read if the clock transition occurs 
at time t S |<i , or greater, after the read. Otherwise, the subsequent clock cycle can be the first synchronization 
cycle (see Figure 10). 
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almost-empty flag (AE) 

The FIFO almost-empty flag is synchronized to the port clock that reads data from its array (CLKB). The state 
machine that controls an almost-empty flag monitors a write-pointer and a read-pointer comparator that 
indicates when the FIFO SRAM status is almost empty, almost empty+1 , or almost empty+2. The almost-empty 
state is defined by the value of the almost-full and almost-empty offset register (X). This register is loaded with 
one of four preset values during a device reset (see reset). An almost-empty flag is low when the FIFO contains 
X or less long words in memory and is high when the FIFO contains (X + 1) or more long words. 

Two low-to-high transitions of CLKB are required after a FIFO write for the almost-empty flag to reflect the new 
level of fill; therefore, the almost-empty flag of a FIFO containing (X + 1) or more long words remains low if two 
CLKB cycles have not elapsed since the write that filled the memory to the (X + 1) level. An almost-empty flag 
is set high by the second low-to-high transition of CLKB after the FIFO write that fills memory to the (X + 1 ) level. 
A low-to-high transition of CLKB begins the first synchronization cycle if it occurs at time t S |<2, or greater, after 
the write that fills the FIFO to (X + 1) long words. Otherwise, the subsequent CLKB cycle can be the first 
synchronization cycle (see Figure 11). 

almost-full flag (AF) 

The FIFO almost-full flag is synchronized to the port clock that writes data to its array (CLKA). The state machine 
that controls an almost-full flag monitors a write-pointer and a read-pointer comparator that indicates when the 
FIFO SRAM status is almost full, almost full— 1 , or almost full-2. The almost-full state is defined by the value 
of the almost-full and almost-empty offset register (X). This register is loaded with one of four preset values 
during a device reset (see reset). An almost-full flag is low when the FIFO contains (64 - X) or more long words 
in memory and is high when the FIFO contains [64 - (X + 1)] or less long words. 

Two low-to-high transitions of CLKA are required after a Fl FO read for the almost-full flag to reflect the new level 
of fill; therefore, the almost-full flag of a FIFO containing [64 - (X + 1)] or less words remains low if two CLKA 
cycles have not elapsed since the read that reduced the number of long words in memory to [64 - (X + 1 )]. An 
almost-full flag is set high by the second low-to-high transition of CLKA after the FIFO read that reduces the 
number of long words in memory to [64 - (X + 1)]. A low-to-high transition of CLKA begins the first 
synchronization cycle if it occurs at time t s j<2, or greater, after the read that reduces the number of long words 
in memory to [64 - (X + 1)]. Otherwise, the subsequent CLKA cycle can be the first synchronization cycle 
(see Figure 12). 

mailbox registers 

Two 36-bit bypass registers (maiH, mail2) are on board the SN74ABT3613 to pass command and control 
information between port A and port B without putting it in queue. A low -to-high transition on CLKA writes 
A0-A35 data to the mailt register when a port-A write is selected by CSA, W/RA, and ENA, and MBA is high. 
A low -to-high transition on CLKB writes B0-B35 data to the mail2 register when a port-B write is selected by 
(CS B, W/RB , and EN B) and both SIZO and SIZ1 are high. Writing data to a mail register sets the corresponding 
flag (MBF1 or MBF2) low. Attempted writes to a mail register are ignored while the mail flag is low. 

When the port-B data outputs (B0-B35) are active, the data on the bus comes from the FIFO output register 
when either one or bot h SIZ1 and SIZO are low and from the main register when both SIZ1 and S IZO a re high. 
The maih register flag (MBF1 ) is set high by a rising CLKB edge whe n a por t-B read is selected by CSB, W/RB, 
and ENB, and both SIZ1 and SIZ O are high. The mail2 register flag (MBF2) is set high by a rising CLKA edge 
when a port-A read is selected by CSA, W/RA, and ENA and MBA is high. The data in the mail register remains 
intact after it is read and changes only when new data Is written to the register. 
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dynamic bus sizing 

The port-B bus can be configured in a 36-bit long word, 1 8-bit word, or 9-bit byte format for data read from the 
FIFO. Word- and byte-size bus selections can utilize the most significant bytes of the bus (big endian) or least 
significant bytes of the bus (little endian). Port-B bus size can be changed dynamically and synchronous to 
CLKB to communicate with peripherals of various bus widths. 

The levels applied to the port-B bus-size select (SIZO, SIZ1) inputs and the big-endian select (BE) input are 
stored on each CLKB low-to-high transition. The stored port-B bus-size selection is implemented by the next 
rising edge on CLKB according to Figure 1 . 

Only 36-bit long-word data is written to or read from the FIFO memory on the SN74ABT3613. Bus-matching 
operations are done after data is read from the FIFO RAM. Port-B bus sizing does not apply to mail-register 
operations. 
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(b) WORD SIZE - BIG ENDIAN 
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(c) WORD SIZE - LITTLE ENDIAN 

Figure 1. Dynamic Bus Sizing 
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dynamic bus sizing (continued) 
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(e) BYTE SIZE - LITTLE ENDIAN 

Figure 1. Dynamic Bus Sizing (Continued) 

bus-matching FIFO reads 

Data is read from the FIFO RAM in 36-bit long-word increments. If a long-word bus size is implemented, the 
entire long word immediately shifts to the FIFO output register upon a read. If byte or word size is implemented 
on port B, only the first one or two bytes appear on the selected portion of the FIFO output register with the rest 
of the long word stored in auxiliary registers. In this case, subsequent FIFO reads with the same bus-size 
implementation output the rest of the long word to the FIFO output register in the order shown by Figure 1 . 

Each FIFO read with a new bus-size implementation automatically unloads data from the FIFO RAM to its output 
register and auxiliary registers. Implementing a new port-B bus size and performing a FIFO read before all bytes 
or words stored in the auxiliary registers have been read results in a loss of the unread data in these registers. 

When reading data from FIFO in byte or word format, the unused B0-B35 outputs remain inactive but static, 
with the unused FIFO output register bits holding the last data value to decrease power consumption. 
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port-B mail-register access 

In addition to selecting port-B bus sizes for FIFO reads, the port-B bus-size select (SIZO, SIZ1) inputs also 
access the mail registers. When both SIZO and SIZ1 are high, the main register is accessed for a port-B 
long-word read and the mail2 register is accessed for a port-B long-word write. The mail register is accessed 
immediately. Any bus-sizing operation that is underway is unaffected by the mail-register access. After the 
mail-register access is complete, the previous FIFO access can resume in the next CLKB cycle. The logic 
diagram in Figure 2 shows the previous bus-size selection is preserved when the mail registers are accessed 
from port B. A port-B bus size is implemented on each rising CLKB edge according to the states of SIZ0_Q, 
SIZ1_Q, and BE_Q. 



CLKB 



TO 



SIZO- 
SIZ1 • 
BE ■ 



MUX 




G1 




h 




1 




T 





SIZ0_Q 
SIZ1_Q 
BE Q 



Figure 2. Logic Diagram for SIZO, SIZ1, and BE Register 



byte swapping 

The byte-order arrangement of data read from the FIFO can be changed synchronous to the rising edge of 
CLKB. Byte-order swapping is not available for mail-register data. Four modes of byte-order swapping 
(including no swap) can be done with any data-port-size selection. The order of the bytes are rearranged within 
the long word, but the bit order within the bytes remains constant. 

Byte arrangement is chosen by the port-B swap-select (SWO, SW1) inputs on a CLKB rising edge that reads 
a new long word from the FIFO. The byte order chosen on the first byte or first word of a new long-word read 
from the FIFO is maintained until the entire long word is transferred, regardless of the SWO and SW1 states 
during subsequent reads. Figure 3 is an example of the byte-order swapping available for long word reads. 
Performing a byte swap and bus size simultaneously for a FIFO read rearranges the bytes as shown in Figure 
3, then outputs the bytes as shown in Figure 1 . 
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byte swapping (continued) 
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(b) BYTE SWAP 
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(c) WORD SWAP 
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(d) BYTE-WORD SWAP 



Figure 3. Byte Swapping for FIFO Reads (Long-Word Size Example) 
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parity checking 

The port-A data inputs (AO- A35) and port-B data inputs (BO- B35) each have four parity trees to check the parity 
of incoming (or outgoing) data. A p arity fai lure on one or more bytes of the port-A data bus is reported by a low 
level on the port-A parity error flag (PEFA). A parity failure on one or more bytes of the port-B dat a inpu ts that 
are valid for the bus-size implementation is reported by a low level on the port-B parity-error flag (PEFB). Odd 
or even parity checking can be selected and the parity-error flags can be ignored if this feature is not desired. 

Parity status is checked on each input bus according to the level of the odd/even parity (ODD/EVEN) select 
input. A parity error on one or mo re valid bytes of a port is reported by a low level on the corresponding 
port-parity-error flag (PEFA, PEFB) output. Port-A bytes are arranged as A0-A8, A9-A17, A18-A26, and 
A27-A35. Port-B bytes are arranged as B0-B8, B9-B17, B18-B26, and B27-B35, and its valid bytes are 
t hose used in a port-B bus-size implementation. When odd/even parity is selected, a port-parity-error flag 
(PEFA, PEFB) is low if any valid byte on the port has an odd/even number of low levels applied to the bits. 

The four parity trees used to check the A0-A35 inputs are shared by the mail2 register when parity generation 
is selected fo r port- A reads (PGA = high). When a port-A read from the mail2 register with parity gen eration is 
selected with CSA low, ENA high, W/RA low, MBA high, and PGA high, the port-A parity-error flag (PEFA) is 
held high regardless of the levels applied to the A0-A35 inputs. Likewise, the parity trees used to check 
the B0-B35 inputs are shared by the main register when parity generation is selected for port -B reads 
(PGB = high). When a port-B read from the main register with parity generation is selecte d with C SB low, ENB 
high, W/RB low, both SIZO and SIZ1 high, and PGB high, the port-B parity-error flag (PEFB) is held high 
regardless of the levels applied to the B0-B35 inputs. 

parity generation 

A high level on the port-A parity-generate select (PGA) or port-B parity-generate select (PGB) enables the 
SN74ABT3613 to generate parity bits for port reads from a FIFO or mailbox register. Port-A bytes are arranged 
as A0-A8, A9-A1 7, A1 8-A26, and A27-A35, with the most significant bit of each byte used as the parity bit. 
Port-B bytes are arranged as B0-B8, B9-B17, B18-B26, and B27-B35 with the most significant bit of each 
byte used as the parity bit. A write to a FIFO or mail register stores the levels applied to all nine inputs of a byte 
regardless of the state of the parity-generate select (PGA, PGB) inputs. When data is read from a port with parity 
generatio n selec ted, the lower eight bits of each byte are used to generate a parity bit according to the level on 
the ODD/EVEN select. The generated parity bits are substituted for the levels originally written to the most 
significant bits of each byte as the word is read to the data outputs. 

Parity bits for FIFO data are generated after the data is read from SRAM and before the data is written to the 
output register. The port-A parity-generate select (PGA) and odd/even parity select (ODD/EVEN) have setup- 
and hold-tim e constraints to the port-A clock (CLKA) and the port-B parity-generate select (PGB) and 
ODD/EVEN select have setup- and hold-time constraints to the port-B clock (CLKB). These timing constraints 
only apply for a rising clock edge used to read a new long word to the FIFO output register. 

The circuit used to generate parity for the main data is shared by the port-B bus (B0-B35) to check parity. The 
circuit used to generate parity for the mail2 data is shared by the port-A bus (A0-A35) to check parity. The 
shared parity tree s of a port are used to generate parity bits for the data in a mail regjster when the port-chip 
select (CSA, CSB) is low, enable (ENA, ENB) is high, and write/read select (W/RA, W/RB) input is low, the mail 
register is selected (MBA is high for port A; both SIZO and SIZ1 are high for port B), and port parity-generate 
select (PGA, PGB) is high. Generating parity for mail-register data does not change the contents of the register. 
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Figure 4. Device Reset Loading the X Register With the Value of Eight 
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Figure 5. FIFO-Write-Cycle Timing 
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t SIZO = H and SIZ1 = H selects the rnaih register for output on B0-B35. 
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DATA SWAP TABLE FOR FIFO LONG-WORD READS 
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Figure 6. FIFO Long-Word Read-Cycle Timing 
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t SIZO = H and SIZ1 = H selects the maiH register for output on B0-B35. 

* Unused word B0-B17 or B18-B35 holds last FIFO-output-register data for word-size reads. 

DATA SWAP TABLE FOR FIFO-WORD READS 
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Figure 7. FIFO-Word Read-Cycle Timing 
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t SIZO = H and SIZ1 = H selects the main register for output on B0-B35. 

NOTE A: Unused bytes hold the last FIFO-output-register data for byte-size reads. 

Figure 8. FIFO-Byte Read-Cycle Timing 



12-20 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN74ABT3613 

64 x 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY 
WITH BUS MATCHING AND BYTE SWAPPING 

SCBS128E - JULY 1992 - REVISED FEBRUARY 1996 



DATA SWAP TABLE FOR FIFO-BYTE READS 
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Figure 8. FIFO-Byte Read-Cycle Timing (Continued) 
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t t S ki is the minimum time between a rising CLKA edge and a rising CLKB edge forEF to transition high in the next CLKB cycle. If the time between 

the rising CLKA edge and rising CLKB edge is less than t s |<i , the transition of EF high may occur one CLKB cycle later than shown. 
NOTE A: Port-B size of long word is selected for the FIFO read by SIZ1 = L, SIZO = L. If port-B size is word or byte, EF is set low by the last word 
or byte read from the FIFO, respectively. 

Figure 9. EF-Flag Timing and First Data Read When the FIFO Is Empty 
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t t S k>j is the minimum time between a rising CLKB edge and a risingCLKA edge for FF to transition high in the next CLKA cycle. If the time between 

the rising CLKB edge and rising CLKA edge is less than t s |<i, FF may transition high one CLKA cycle later than shown. 
NOTE A: Port-B size of long word is selected for the FIFO read by SIZ1 = L, SIZO « L. If port-B size is word or byte, t S ki is referenced from the 
rising CLKB edge that reads the first word or byte of the long word, respectively. 

Figure 10. FF-Flag Timing and First Available Write When the FIFO Is Full 
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the rising CLKA edge an d risi ng CLKB edge is less than t S k2, AE m ay tra nsition high one CLKB cycle later than shown. 
NOTES: A. FIFO write (CSA = L, W/RA = H, MBA = L), FIFO read (CSB = L, W/RB = L, MBB = L) 

B. Port-B size of long word is selected for FIFO read by SIZ1 = L, SIZO = L. If port-B size is word or byte, t S |<2 is referenced to the first 
word or byte read of the long word, respectively. 

Figure 11. Timing for AE When the FIFO is Almost Empty 
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the rising CLKA edge an d risi ng CLKB edge is less than t S k2, AF m ay tra nsition high one CLKB cycle later than shown. 
NOTES: A. FIFO write (CSA = L, W/RA = H, MBA = L), FIFO read (CSB = L, W/RB = L, MBB = L) 

B. Port-B size of long word is selected for FIFO read by SIZ1 = L, SIZO = L If port-B size is word or byte, t s |<2 is referenced from the 
first word or byte read of the long word, respectively. 

Figure 12. Timing for AF When the FIFO Is Almost Full 
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Figure 13. Timing for MaiH Register and MBF1 Flag 
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NOTE A: Port-A parity generation off (PGA = L) 



Figure 14. Timing for Mail2 Register and MBF2 Flag 
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Figure 15. ODD/EVEN, W/RA, MBA, and PGA to PEFA Timing 
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Figure 16. ODD/EVEN, W/RB, SIZ1, SIZO, and PGB to PEFB Timing 
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Figure 17. Parity-Generation Timing When Reading From the Mail2 Register 
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Figure 18. Parity-Generation Timing When Reading From the MaiH Register 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, V<x -0.5 V to 7 V 

Input voltage range, Vj (see Note 1 ) -0.5 V to Vcc + 0.5 V 

Output voltage range, Vq (see Note 1) -0.5 V to Vqc + 0.5 V 

Input clamp current, I|k (V| < 0 or V| > Vcc) ±2 ° mA 

Output clamp current, Iqk ( v 0 < 0 or Vq > Vcc) ±5 ° mA 

Continuous output current, \q (Vq = 0 to Vcc) ±50 mA 

Continuous current through Vcc or GND ±500 mA 

Operating free-air temperature range, T A 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output voltage ratings may be exceeded provided the input and output current ratings are observed. 



recommended operating conditions 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


v 


V|L 


Low-level input voltage 


0.8 


v 


'OH 


High-level output current , 


-4 


mA 


lOL 


Low-level output current 


8 


mA 


TA 


Operating free-air temperature 


0 


70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V 0 H 


Vcc = 4 -5 V, Ioh = - 4 


2.4 


V 


vol 


Vcc = 4.5V, loL = 8mA 


0.5 


V 


"i 


Vcc = 5.5 V, V| = Vccor0 


±50 


MA 


ioz 


Vcc = 5.5 V, V O = V C Cor0 


±50 


ma 


>cc 


Vcc = 5.5 V, Iq = 0 mA, V| = Vcc or GND 


Outputs high 


60 


mA 


Outputs low 


130 


Outputs disabled 


60 


Ci 


V| = 0, f = 1 MHz 


4 


PF 


C 0 


Vq = 0, f = 1 MHz 


8 


PF 



$ All typical values are at Vcc = 5 V, Ta = 25°C. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 4 through 18) 





ABT3613-15 


'ABT3613-20 


ABT3613-30 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


f clock Clock frequency, CLKA or CLKB 


66.7 


50 


33.4 


MHz 


t c Clock cycle time, CLKA or CLKB 


15 


20 


30 


ns 


tw(CLKH) Pu,se duration, CLKA and CLKB high 


6 


8 


12 


ns 


t w (CLKL) Pulse duration, CLKA and CLKB low 


6 


8 


12 


ns 


tsu(D) Setup time, A0-A35 before CLKAt and B0-B35 before CLKBt 


4 


5 


6 


ns 


Setup time, CSA, W/RA, ENA, and MBA before CLKAt; CSB, 
tsu(EN) W/RB> and ENB before CLKBt 


c 
O 


c 
O 


Q 




tsu(SZ) Setu P time, SIZO, SfZ1 • and BE before CLKBT 


4 


5 


6 


ns 


tsu(SW) Setup time, SWO and SW1 before CLKBt 


5 


7 


8 


ns 


tsu(PG) Setu P time, ODD/EVEN and PGB before CLKBtt 


4 


5 


6 


ns 


tsu(RS) s e^P time, RST low before CLKAt or CLKBt* 


5 


6 


7 


ns 


tsu(FS) Setup time, FSO and FS1 before RST high 


5 


6 


7 


ns 


t h (D) Hold time, A0-A35 after CLKAt and B0-B35 after CLKBt 


1 


1 


1 


ns 


Hold time, CSA, W/RA, ENA, and MBA after CLKAt; CSB, W/RB, 
th(EN) and ENB after CLKBt 


1 


1 


1 


ns 


th(SZ) Hold time, SIZO, SIZ1 , and BE after CLKBt 


2 


2 


2 


ns 


th(SW) Hold time, SWO and SW1 after CLKBt 


0 


0 


0 


ns 


th(PG) Hold time, ODD/EVEN and PGB after CLKBtt 


0 


0 


0 


ns 


th(RS) Hold time, RST low after CLKAt or CLKBtt 


5 


6 


7 


ns 


th(FS) Hold time, FSO and FS1 after RST high 


4 


4 


4 


ns 


t S ki § Skew time between CLKAt and CLKBt for EF and FF 


8 


8 


10 


ns 


tsk2§ Skew time between CLKAt and CLKBt for AE and AF 


9 


16 


20 


ns 



t Only applies for a clock edge that does a FIFO read 

$ Requirement to count the clock edge as one of at least four needed to reset a FIFO 

§ Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between CLKA cycle and 
CLKB cycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 30 pF (see Figures 4 through 18) 



PARAMETER 


ABT3613-15 


ABT3613-20 


'ABT3613-30 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Access time, CLKAt to A0-A35 and CLKBT to B0-B35 


2 


10 


2 


12 


2 


15 


ns 


t_ -i //"n r"r~\ 

x pd(C-FF) 


\ i u|Jaycuiui i uciciy nine, ulixa i iu in 


2 


10 


2 


12 


2 


15 


ns 


x pd(C-EF) 


Prv\r\ana+inn Holaw timo f^l K'RT tr> FF 
r i upcty ciiiui i uciay uuic, v-/ i iu 


2 


10 


2 


12 


2 


15 


ns 


tpd(C-AE) 


Propagation delay time, CLKBT to AE 


2 


10 


2 


12 


2 


15 


ns 


tpd(C-AF) 


Propagation delay time, CLKAt to AF 


2 


10 


2 


12 


2 


15 


ns 




Propagation delay time, CLKAt to MBFT low or MBF2 high and 
CLKBt to MBF2 low or MBF1 high 


1 


9 


1 


12 


1 


15 


ns 


tpd(C-MR) 


Propagation delay time, CLKAt to B0-B35t and CLKBt to 
A0-A35* 


3 


11 


3 


12 


3 


15 


ns 


tpd(C-PE) § 


Propagation delay time, CLKBt to PEFB 


2 


11 


2 


12 


2 


13 


ns 


tpd(M-DV) 


Propagation delay time, SIZ1 , SIZO to B0-B35 valid 


1 


11 


1 


11.5 


1 


12 


ns 


tpd(D-PE) 


Propagation delay time, A0-A35 valid to PEFA valid; B0-B35 
valid to PEFB valid 


Q 

o 


in 
iu 


O 


•i H 
1 1 


o 
O 


lo 


ns 


tpd(O-PE) 


Propagation delay time, ODD/EVEN to PEFA and PEFB 


3 


11 


3 


12 


3 


14 


ns 


tpd(O-PB) 11 


Propagation delay time, ODD/EVEN to parity bits (A8, A1 7, A26, 
A35)and(B8, B17.B26.B35) 


2 


12 


2 


13 


2 


15 




tpd(E-PE) 


Propagation delay time, CSA, ENA, W/RA, MBA, or PGA to 
PEFA; CSB, ENB, W/RB, SIZ1, SIZO, or PGB to PEFB 


1 


11 


1 


12 


1 


14 


ns 


tpd(E-PB) 11 


Propagation delay time, CSA, ENA, W/RA, MBA, or PGA to 
parity bits (A8, A17, A26, A35); CSB, ENB, W/RB, SIZ1 , SIZO, or 
PGB to parity bits (B8, B17, B26, B35) 


3 


12 


3 


13 


3 


14 


ns 


tpd(R-F) 


Propagation delay time, RST to AE, EF low and AF, MBF1 , 
MBF2high 


1 


15 


1 


20 


1 


25 


ns 


l en 


Enable time, CSA and W/RA low to A0-A35 active and CSB low 
and W/RB high to B0-B35 active 


2 


10 


2 


12 


2 


14 


ns 


*dis 


Disable time, CSA or W/RA high to A0-A35 at high impedance 
and CSB high or W/RB low to B0-B35 at high impedance 


1 


8 


1 


9 


1 


11 


ns 



t Writing data to the main register when the B0-B35 outputs are active and SIZ1 and SIZO are high 
$ Writing data to the mail2 register when the A0-A35 outputs are active and MBA is high 
§ Only applies when a new port-B bus size is implemented by the rising CLKB edge 
^ Only applies when reading data from a mail register 
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TYPICAL CHARACTERISTICS 
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Figure 19 



calculating power dissipation 

The lcc(f) current for the graph in Figure 19 was taken while simultaneously reading and writing the FIFO on 
the SN74ACT361 3 with CLKA and CLKB set to f C iock- A " data inputs and data outputs change state during each 
clock cycle to consume the highest supply current. Data outputs were disconnected to normalize the graph to 
a zero-capacitance load. Once the capacitive load per data-output channel is known, the power dissipation can 
be calculated with the equation below. 

With lcc(f) taken from Figure 1 9, the maximum power dissipation (Pj) of the SN74ABT361 3 can be calculated 
by: 

Pt = V C C x «cC(f) + E[C L x (V 0H - v 0 l) 2 * W 
where: 

Cl = output capacitive load 
f 0 = switching frequency of an output 
v OH = high-level output voltage 
Vql = low-level output voltage 

When no reads or writes are occurring on the SN74ABT3613, the power dissipated by a single clock (CLKA 
or CLKB) input running at frequency f C lock is calculated by: 

Pt = Vcc x 'clock x 0-29 mA/MHz 
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PARAMETER MEASUREMENT INFORMATION 

5V 



From Output 
Under Test 



680 Q 



1.1 kQ 



30 pF 

(see Note A) 



LOAD CIRCUIT 



Timing 
Input 




VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



High-Level / 
Input A 



Low-Level 
Input 




- GND 



VOLTAGE WAVEFORMS 
PULSE DURATIONS 



Output 
Enable 



Low-Level 
Output 



High-Level 
Output 




VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTE A: Includes probe and jig capacitance 



input ^1.5 V ~N ^1.5V 
tpdH4— *| 
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Output 



b — ►(- t pd 

- Vqh 



^M.5V N^1-5V 



vol 
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Figure 20. Load Circuit and Voltage Waveforms 
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• Free-Running CLKA and CLKB Can Be 
Asynchronous or Coincident 

• Two Independent 64 x 36 Clocked FIFOs 
Buffering Data in Opposite Directions 

• Mailbox Bypass Register for Each FIFO 

• Dynamic Port-B Bus Sizing of 36 Bits (Long 
Word), 18 Bits (Word), and 9 Bits (Byte) 

• Selection of Big- or Little-Endian Format for 
Word and Byte Bus Sizes 

• Three Modes of Byte-Order Swapping on 
PortB 

• Programmable Almost-Full and 
Almost-Empty Flags 

• Microprocessor Interface Control Logic 

description 



EFA, FFA, AEA, and AFA Flags 
Synchronized by CLKA 

EFB, FFB, AEB, and AFB Flags 
Synchronized by CLKB 

Passive Parity Checking on Each Port 

Parity Generation Can Be Selected for Each 
Port 

Low-Power Advanced BiCMOS Technology 
Supports Clock Frequencies up to 67 MHz 
Fast Access Times of 10 ns 
Package Options Include Space-Saving 
120-Pin Thin Quad Flat (PCB) and 132-Pin 
Quad Flat (PQ) Packages 



The SN74ABT3614 is a high-speed, low-power BiCMOS bidirectional clocked FIFO memory. It supports clock 
frequencies up to 67 MHz and has read-access times as fast as 1 0 ns. Two independent 64 x 36 dual-port SRAM 
FIFOs in this device buffer data in opposite directions. Each FIFO has flags to indicate empty and full conditions 
and two programmable flags (almost full and almost empty) to indicate when a selected number of words is 
stored in memory. FIFO data on port B can be input and output in 36-bit, 1 8-bit, and 9-bit formats with a choice 
of big- or little-endian configurations. Three modes of byte-order swapping are possible with any bus-size 
selection. Communication between each port can bypass the FIFOs via two 36-bit mailbox registers. Each 
mailbox register has a flag to signal when new mail has been stored. Parity is checked passively on each port 
and can be ignored if not desired. Parity generation can be selected for data read from each port. 

The SN74ABT3614 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable 
signals. The continuous clocks for each port are independent of one another and can be asynchronous or 
coincident. The enables for each port are arranged to provide a simple bidirectional interface between 
microprocessors and/or buses controlled by a synchronous interface. 

The full flag and almost-full flag of a FIFO are two-stage synchronized to the port clock that writes data to its 
array. The empty flag and almost-empty flag of a FIFO are two-stage synchronized to the port clock that reads 
data from its array. 

The SN74ABT361 4 is characterized for operation from 0°C to 70°C. 

For more information on this device family, see the application reports FIFO Mailbox-Bypass Registers: Using 
Bypass Registers to Initialize DMA Control, Advanced Bus-Matching/Byte-Swapping Features for 
Internetworking FIFO Applications, Parity-Generate and Parity-Check Features for High-Bandwidth- 
Computing FIFO Applications, and Internetworking the SN74ABT3614 in the 1996 High-Performance FIFO 
Memories Designer's Handbook, literature number SCAA012A. 
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NC - No internal connection 

t Uses Yamaichi socket IC51 -1324-828 
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functional block diagram 
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Terminal Functions 



TERMINAL 
NAME 


I/O 


DESCRIPTION 


A0-A35 


I/O 


Port-A data. The 36-bit bidirectional data port for side A. 


AEA 


0 

(port A) 


Port-A almost-empty flag. Programmable flag synchronized to CLKA. AEA is low when the number of 36-bit words 
in FIF02 is less than or equal to the value in offset register X. 


AEB 


0 

(port B) 


Port-B almost-empty flag. Programmable flag synchronized to CLKB. AEB is low when the number of 36-bit words 
in FIF01 is less than or equal to the value in offset register X. 


AFA 


0 

(port A) 


Port-A almost-full flag. Programmable flag synchronized to CLKA. AFA is low when the number of 36-bit empty 
locations in FIF01 is less than or equal to the value in offset register X. 


A CD 

Arb 


0 

(port B) 


Port-B almost-full flag. Programmable flag synchronized to CLKB. ATb is low when the number of 36-bit empty 
locations in FIF02 is less than or equal to the value in offset register X. 


B0-B35 


I/O 


Port-B data. The 36-bit bidirectional data port for side B. 


BE 




Big-endian select. Selects the bytes on port B used during byte or word data transfer. A low on BE selects the most 
significant bytes on B0-B35 for use, and a high selects the least significant bytes. 


CLKA 




Port-A clock. CLKA is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to CLKB. EFA, FFA, AFA, and AEA are synchronized to the low-to-high transition of CLKA. 


CLKB 




Port-B clock. CLKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
or coincident to CLKA. Port-B byte swapping and data-port-sizing operations are also synchronous to the low-to-high 
transition of CLKB. EFB, FFB, AFB, and AEB are synchronized to the low-to-high transition of CLKB. 


CSA 


■ 


Port-A chip select. CSA must be low to enable a low-to-high transition of CLKA to read or write data on port A. The 
A0-A35 outputs are in the high-impedance state when CSA is high. 


CSB 


I 


Port-B chip select. CSB must be low to enable a low-to-high transition of CLKB to read or write data on port B. The 
BO- B35 outputs are in the high-impedance state when CSB is high. 


EFA 


0 

(port A) 


Port-A empty flag. EFA is synchronized to the low-to-high transition of CLKA. When EFA is low, FIF02 is empty and 
reads from its memory are disabled. Data can be read from Fl F02 to the output register when EFA is high. EFA is forced 
low when the device is reset and is set high by the second low-to-high transition of CLKA after data is loaded into empty 
FIF02 memory. 


EFB 


0 

(port B) 


Port-B empty flag. EFB is synchronized to the low-to-high transition of CLKB. When EFB is low, FIF01 is empty and 
reads from its memory are disabled. Data can be read from FIF01 to the output register when EFB is high. EFB is 
forced low when the device is reset and is set high by the second low-to-high transition of CLKB after data is loaded 
into empty FIF01 memory. 


ENA 


I 


Port-A enable. ENA must be high to enable a low-to-high transition of CLKA to read or write data on port A. 


ENB 


I 


Port-B enable. ENB must be high to enable a low-to-high transition of CLKB to read or write data on port B. 


FFA 


0 

(port A) 


Port-A full flag. FFA is synchronized to the low-to-high transition of CLKA. When FFA is low, FIF01 is full and writes 
to its memory are disabled. FFA is forced low when the device is reset and is set high by the second low-to-high 
transition of CLKA after reset. 


FFB 


0 

(port B) 


Port-B full flag. FFB is synchronized to the low-to-high transition of CLKB. When FFB is low, FIF02 is full and writes 
to its memory are disabled. FFB is forced low when the device is reset and is set high by the second low-to-high 
transition of CLKB after reset. 


FS1.FS0 


I 


Flag offset selects. The low-to-high transition of RST latches the values of FSO and FS1 , which selects one of four 
preset values for the almost-empty flag and almost-full flag offset. 


MBA 


I 


Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A read or write operation. When the 
AO- A35 outputs are active, a high level on MBA selects data from the mail2 register for output and a low level selects 
FIF02 output register data for output. 


MBF1 


0 


Maih register flag. MBF1 is set low by the low-to-high transition of CLKA that writes data to the main register. Writes 
to the maih register are inhibited while MBF1 is low. MBF1 is set high by a low-to-high transition of CLKB when a port-B 
read is selected and both SIZ1 and SIZO are high. MBF1 is set high when the device is reset. 


MBF2 


0 


Mail2 register flag. MBF2 is set low by the low-to-high transition of CLKB that writes data to the mail2 register. Writes 
to the mail2 register are inhibited while MBF2 is low. MBF2 is set high by a low-to-high transition of CLKA when a port-A 
read is selected and MBA is high. MBF2 is set high when the device is reset. 
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Terminal Functions (Continued) 



TERMINAL 
NAME 


I/O 


DESCRIPTION 


ODD/ 
EVEN 


I 


Odd/even parity select. Odd parity is checked on each port when ODD/EVEN is high and even parity is checked when 
ODD/EVEN is low. ODD/EVEN also selects the type of parity generated for each port if parity generation is enabled 
for a read operation. 


PEFA 


0 

(port A) 


Port- A parity-error flag. When any byte applied to terminals A0-A35 fails parity, PEFA is low. Bytes are organized as 
A0-A8, A9-A17, A18-A26, and A27-A35, with the most significant bit of each byte serving as the parity bit. The 
type of parity checked is determined by the state of the ODD/EVEN input. 

The parity trees used to check the AO- A35 inputs are shared by the mail2 register to generate parity if parity generation 
is selected by PGA; therefore, if a mail2 read with parity generation is setup by having W/RA low, MBA high, and PGA 
high, the PEFA flag is forced high regardless of the state of the A0-A35 inputs. 


PEFB 


0 

(port B) 


Port-B parity-error flag. When any valid byte applied to terminals BO- B35 fails parity, PEFB is low. Bytes are organized 
as B0-B8, B9-B17, B18-B26, and B27-B35, with the most significant bit of each byte serving as the parity bit. A 
byte is valid when it is used by the bus size selected for port B. The type of parity checked is determined by the state 
ot tne uuu/tvtiN input. 

The parity trees used to check the BO - B35 inputs are shared by the maill register to generate parity if parity generation 
is selected by PGB; therefore, if a maiM read with parity generation is set up by having W/RB low, SIZ1 and SIZO high, 
and PGB high, the PEFB flag is forced high regardless of the state of the B0-B35 inputs. 


PGA 


I 


Port-A parity generation. Parity is generated for data reads from port A when PGA is high. The type of parity generated 
is selected by the state of the ODD/EVEN input. Bytes are organized as AO- A8, A9- A1 7, A1 8- A26, and A27- A35. 
The generated parity bits are output in the most significant bit of each byte. 


PGB 


I 


P/^rt-R naritx/ nanaratirtn Pari+w ic nonorotoH fnr Hoto roaric frnm r*nrt P. u/hon Pf5P. ic hinh Tho tv/nc* of naritv/ nonoratoH 
rui i d jjdi uy yei igi&uui i. rcu iiy io yoi leicuou iui ucuci ■ oauo iuji 1 1 i o wi ioi i ruo io i nyi i. 1 1 io lyyjxs \ji pcii iiy yoi icsi cucu 

is selected by the state of the ODD/EVEN input. Bytes are organized as B0-B8, B9-B17, B18-B26, and B27-B35. 
The generated parity bits are output in the most significant bit of each byte. 


RST 


I 


Reset. To reset the device, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur 
while RST is low. This sets the AFA, AFB, MBFT, and MBF2 flags high and the EFA, EFB, AEA, AEB, FFA, and FFB 
flags low. The low-to-high transition of RST latches the status of the FS1 and FSO inputs to select almost-full flag and 
almost-empty flag offset. 


SIZO, SIZ1 


I 

(port B) 


Port-B bus-size selects. The low-to-high transition of CLKB latches the states of SIZO, SIZ1 , and BE, and the following 
low-to-high transition of CLKB implements the latched states as a port-B bus size. Port-B bus sizes can be long word, 
word, or byte. A high on both SIZO and SIZ1 accesses the mailbox registers for a port-B 36-bit write or read. 


SWO, SW1 


I 

(port B) 


Port-B byte-swap selects. At the beginning of each long word transfer, one of four modes of byte-order swapping is 
selected by SWO and SW1 . The four modes are no swap, byte swap, word swap, and byte-word swap. Byte-order 
swapping is possible with any bus-size selection. 


W/RA 


I 


Port-A write/read select. W/RA high selects a write operation and a low selects a read operation on port A for a 
low-to-high transition of CLKA. The A0-A35 outputs are in the high-impedance state when W/RA is high. 


W/RB 


I 


Port-B write/read select. W/RB high selects a write operation and a low selects a read operation on port B for a 
low-to-high transition of CLKB. The B0-B35 outputs are in the high-impedance state when W/RB is high. 



detailed description 
reset 

The SN74ABT3614 is reset by taking the reset (RST) input low for at least four port-A clock (CLKA) and four 
port-B clock (CLKB) low-to-high transitions. The reset input can switch asynchronously to t he clocks. A device 
reset initializ es the inte rnal read and write pointers of each FIF O and forces the full flags (FF A, FFB) lo w, the 
empty flags (EFA, EFB) low, the almos t-empt y flags ( AEA, AEB) low, and the almost-full flags (AFA, AFB) high. 
A reset also forces the mailb ox flags (MBF1 , MBF2) high. After a reset, FFA is set high after two low-to-high 
transitions of CLKA and FFB is set high after two low-to-high transitions of CLKB. The device must be reset after 
power up before data is written to its memory. 

A low-to-high transition on RST loads the almost-full and almost-empty offset register (X) with the value selected 
by the flag-select (FSO, FS1) inputs. The values that can be loaded into the register are shown in Table 1. 
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reset (continued) 



Table 1. Flag Programming 



FS1 


FSO 


RST 


ALMOST-FULL AND 
ALMOST-EMPTY FLAG 
OFFSET REGISTER (X) 


H 


H 


t 


16 


H 


L 


t 


12 


L 


H 


T 


8 


L 


L 


T 


4 



FIFO write/read operation 

The state of the portM data (A0-A35) outputs is controlled by the port-A chip select (CSA ) and the p_ort-A 
write/read select (W/RA). The A0-A35 outputs a re in the high-impedance state when either CSA or W/RA is 
high. The A0-A35 outputs are active when both CSA an d W/R A are lowJData is loaded into FIF01 from the 
A0 -A35 inputs on a low-to-high transition of CLKA when CSA is low, W/RA is high, ENA is high, MBA i s low, 
and FFA ishigh. Data is read from FIF02 to the A0 -A35 outputs by a low-to-high transition of CLKA when CSA 
is low, W/RA is low, ENA is high, MBA is low, and EFA is high (see Table 2). 



Table 2. Port-A Enable Function Table 



CSA 


W/RA 


ENA 


MBA 


CLKA 


A0-A35 OUTPUTS 


PORT FUNCTION 


H 


X 


X 


X 


X 


In high-impedance state 


None 


L 


H 


L 


X 


X 


In high-impedance state 


None 


L 


H 


H 


L 


T 


In high-impedance state 


FIF01 write 


L 


H 


H 


H 


T 


In high-impedance state 


MaiM write 


,L 


L 


L 


L 


X 


Active, FIF02 output register 


None 


L 


L 


H 


L 


T 


Active, FIF02 output register 


FIF02 read 


L 


L 


L 


H 


X 


Active, mail2 register 


None 


L 


L 


H 


H 


T 


Active, mail2 register 


Mail2read (set MBF2 high) 



The state of the port^B data (B0-B35) outputs is controlled by the port-B chip select (CSB) and the p_ort-B 
write/read select (W/RB). The B0-B35 outputs a re in the highnmpedance state when either CSB or W/RB is 
high. The B0-B35 outputs are active when both CSB an d W/R B are low^Data is loaded into FI F02 f rom the 
B0-B35 inputs on a low-to-high transition of CLKB when CSB is low, W/RB is high, ENB is high, FFB is high, 
and either SIZOor SIZ1 is low. Data is read from FIFOI to the B0-B35 outputs by a low-to-high transition of 
CLKB when CSB is low, W/RB is low, ENB is high, EFB is high, and either SIZO or SIZ1 is low (see Table 3). 

The setup- _and hojd-time constraints to the port clocks for the port-chip selects (CSA, CSB) and write/read 
selects (W/RA, W/RB) are only for enabling write and read operations and are not related to high-impedance 
control of the data outputs. If a port enable is low during a clock cycle, the port-chip select and write/read select 
can change states during the setup- and hold-time window of the cycle. 
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FIFO writer/read operation (continued) 



Table 3. Port-B Enable Function Table 



CSB 


W/RB 


ENB 


SIZ1,SIZ0 


CLKB 


B0-B35 OUTPUTS 


PORT FUNCTION 


H 


X 


X 


X 


X 


In high-impedance state 


None 


L 


H 


L 


X 


X 


In high-impedance state 


None 


L 


H 


H 


One, both low 


T 


In high-impedance state 


FIF02 write 


L 


H 


H 


Both high 


T 


In high-impedance state 


Mail2 write 


L 


L 


L 


One, both low 


X 


Active, FIF01 output register 


None 


L 


L 


H 


One, both low 


t 


Active, FIF01 output register 


FIF01 read 


L 


L 


L 


Both high 


X 


Active, maih register 


None 


L 


L 


H 


Both high 


T 


Active, mail! register 


Maih read (set MBFT high) 



synchronized FIFO flags 

Each FIFO flag is synchronized to its port clock through two flip-flop stages. This is done to improve flag reliability 
by reducing the probability of metastable events on the output when CLKA and CLKB operate asynchronously 
to one another (see the application report Metastability Performance of Clocked F IFOs in t he 1 996 
High-Performance FIFO Memories Data B ook, litera ture number SCAD003C). EFA, AEA, FFA, and AFA are 
synchronized to CLKA. EFB, AEB, FFB, and AFB are synchronized to CLKB. Tables 4 and 5 show the 
relationship of each port flag to FIF01 and FIF02. 



Table 4. FIF01 Flag Operation 



NUMBER OF 36-BIT 
WORDS IN FIF01T 


SYNCHRONIZED 
TO CLKB 


SYNCHRONIZED 
TO CLKA 


EFB 


AEB 


AFA 


FFA 


0 


L 


L 


H 


H 


1toX 


H 


L 


H 


H 


(X+1)to[64-(X + 1)] 


H 


H 


H 


H 


(64 -X) to 63 


H 


H 


L 


H 


64 


H 


H 


L 


L 



t X is the value in the almost-empty flag and almost-full flag offset register. 



Table 5. FIF02 Flag Operation 



NUMBER OF 36-BIT 
WORDS IN FIF02t 


SYNCHRONIZED 
TO CLKA 


SYNCHRONIZED 
TO CLKB 


EFA 


AEA 


AFB 


FFB 


0 


L 


L 


H 


H 


1 toX 


H 


L 


H 


H 


(X + 1)to [64-(X + 1)] 


H 


H 


H 


H 


(64 -X) to 63 


H 


H 


L 


H 


64 


H 


H 


L 


L 



t X is the value in the almost-empty flag and almost-full flag offset register. 
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empty flags (EFA, EFB) 

The FIFO empty flag is synchronized to the port clock that reads data from its array. When the empty flag is high, 
new data can be read to the FIFO output register. When the empty flag is low, th e FIFO is empty and attempted 
FIFO reads are ignored. When reading FIF01 with a byte or word size on port B, EFB is set low when the fourth 
byte or second word of the last long word is read. 

The FIFO read pointer is incremented each time a new word is clocked to the output register. The state machine 
that controls an empty flag monitors a write-pointer and read-pointer comparator that indicates when the FIFO 
SRAM status is empty, empty+1 , or empty+2. A word written to a FIFO can be read to the FIFO output register 
in a minimum of three cycles of the empty flag synchronizing clock; therefore, an empty flag is low if a word in 
memory is the next data to be sent to the FIFO output register and two cycles of the port clock that reads data 
from the FIFO have not elapsed since the time the word was written. The FIFO empty flag is set high by the 
second low-to-high transition of the synchronizing clock and the new data word can be read to the FIFO output 
register in the following cycle. 

A low-to-high transition on an empty-flag synchronizing clock begins the first synchronization cycle of a write 
if the clock transition occurs at time t S ki , or greater, after the write. Otherwise, the subsequent clock cycle can 
be the first synchronization cycle (see Figures 13 and 14). 

full flags (FFA, FFB) 

The FIFO full flag is synchronized to the port clock that writes data to its array. When the full flag is high, a 
memory location is free in the SRAM to receive new data. No memory locations are free when the full flag is 
low and attempted writes to the FIFO are ignored. 

Each time a word is written to a FIFO, the write pointer is incremented. The state machine that controls a full 
flag monitors a write-pointer and read-pointer comparator that indicates when the FIFO SRAM status is full, 
full — 1 , or full -2. From the time a word is read from a FIFO, the previous memory location is ready to be written 
in a minimum of three cycles of the full-flag synchronizing clock. A full flag is low if less than two cycles of the 
full-flag synchronizing clock have elapsed since the next memory write location has been read. The second 
low-to-high transition on the full-flag synchronizing clock after the read sets the full flag high and data can be 
written in the following clock cycle. 

A low-to-high transition on a full-flag synchronizing clock begins the first synchronization cycle of a read if the 
clock transition occurs at time , or greater, after the read. Otherwise, the subsequent clock cycle can be the 
first synchronization cycle (see Figures 15 and 16). 

almost-empty flags (AEA, AEB) 

The FIFO almost-empty flag is synchronized to the port clock that reads data from its array. The state machine 
that controls an almost-empty flag monitors a write-pointer and read-pointer comparator that indicates when 
the FIFO SRAM status is almost empty, almost empty+1 , or almost empty+2. The almost-empty state is defined 
by the value of the almost-full and almost-empty offset register (X). This register is loaded with one of four preset 
values during a device reset (see reset). An almost-empty flag is low when the FIFO contains X or less long 
words in memory and is high when the FIFO contains (X + 1 ) or more long words. 

Two low-to-high transitions of the almost-empty-flag synchronizing clock are required after a FIFO write for the 
almost-empty flag to reflect the new level of fill; therefore, the almost-empty flag of a FIFO containing (X + 1) 
or more long words remains low if two cycles of the synchronizing clock have not elapsed since the write that 
filled the memory to the (X + 1) level. An almost-empty flag is set high by the second low-to-high transition of 
the synchronizing clock after the FIFO write that fills memory to the (X + 1 ) level. A low-to-high transition of an 
almost-empty flag synchronizing clock begins the first synchronization cycle if it occurs at time t S |<2, or greater, 
after the write that fills the FIFO to (X + 1 ) long words. Otherwise, the subsequent synchronizing clock cycle can 
be the first synchronization cycle (see Figures 1 7 and 1 8). 
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almost-full flags (AFA,AFB) 

The FIFO almost-full flag is synchronized to the port clock that writes data to its array. The state machine that 
controls an almost-full flag monitors a write-pointer and read-pointer comparator that indicates when the FIFO 
SRAM status is almost full, almost full — 1 , or almost full— 2. The almost-full state is defined by the value of the 
almost-full and almost-empty offset register (X). This register is loaded with one of four preset values during a 
device reset (see reset). An almost-full flag is low when the FIFO contains (64 - X) or more long words in 
memory and is high when the FIFO contains [64 - (X + 1)] or less long words. 

Two low-to-high transitions of the almost-full-flag synchronizing clock are required after a FIFO read for the 
almost-full flag to reflect the new level of fill; therefore, the almost-full flag of a FIFO containing [64 - (X + 1)] 
or less words remains low if two cycles of the synchronizing clock have not elapsed since the read that reduced 
the number of long words in memory to [64 - (X + 1 )]. An almost-full flag is set high by the second low-to-high 
transition of the synchronizing clock after the FIFO read that reduces the number of long words in memory to 
[64 - (X + 1 )]. A low-to-high transition of an almost-full-flag synchronizing clock begins the first synchronization 
cycle if it occurs at time t S k2, or greater, after the read that reduces the number of long words in memory to 
[64 - (X + 1 )]. Otherwise, the subsequent synchronizing clock cycle can be the first synchronization cycle (see 
Figures 19 and 20). 

mailbox registers 

Each FIFO has a 36-bit bypass register to pass command and control information between port A and port B 
without putting it in queue. The mailbox-select (MBA, MBB) inputs choose between a mail register and a FIFO 
for a port data transfer operation. A low -to-high transition on CLKA writes A0-A35 data to the maih register 
when a port-A write is selected by CSA, W/RA, and ENA, and MBA is hi gh. A low-to-high transition on CLKB 
writes B0-B35 data to the mail2 register when a port-B write is selected by CS B,W/RB , and EN B and both SIZO 
and SIZ1 are high. Writing data to a mail register sets the corresponding flag (MBF1 or MBF2) low. Attempted 
writes to a mail register are ignored while the mail flag is low. 

When the port-A data outputs (A0-A35) are active, the data on the bus comes from the FIF02 output register 
when MBA is low and from the mail2 register when MBA is high. When the port-B data outputs (B0-B35) are 
active, the data on the bus comes from the FIF01 output register when either one or both SIZ1 an d SIZO are 
low and from the mail2 register when both SIZ1 and SIZO are h igh. The main register flag (MBF1) is set high 
by a rising CLKB edge when a port -B read is selected by CSB, W/RB, and ENB and both SIZ1 and SI ZO are 
high. The mail2 register flag (MBF2) is set high by a rising CLKA edge when a port-A read is selected by CSA, 
W/RA, and ENA and MBA is high. The data in the mail register remains intact after it is read and changes only 
when new data is written to the register. 

dynamic bus sizing 

The port-B bus can be configured in a 36-bit long word, 1 8-bit word, or 9-bit byte format for data read from Fl F01 
or written to FIF02. Word- and byte-size bus selections can utilize the most significant bytes of the bus (big 
endian) or least significant bytes of the bus (little endian). Port-B bus size can be changed dynamically and 
synchronous to CLKB to communicate with peripherals of various bus widths. 

The levels applied to the port-B bus-size select (SIZO, SIZ1) inputs and the big-endian select (BE) input are 
stored on each CLKB low-to-high transition. The stored port-B bus-size selection is implemented by the next 
rising edge on CLKB according to Figure 1 . 

Only 36-bit long-word data is written to or read from the two FIFO memories on the SN74ABT3614. 
Bus-matching operations are done after data is read from the Fl F01 RAM and before data is written to the Fl F02 
RAM. Port-B bus sizing does not apply to mail-register operations. 
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dynamic bus sizing (continued) 
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(a) LONG WORD SIZE 
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Read From FIFOI/Wrlte to FIF02 
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1st: Read From FIF01 /Write to FIF02 
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2nd: Read From FIF01 /Write to FIF02 



(b) WORD SIZE - BIG ENDIAN 
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1st: Read From FIFOI/Wrlte to FIF02 



2nd: Read From FIFOI/Wrlte to FIF02 



(c) WORD SIZE - LITTLE ENDIAN 
B35 B27 B26 B18 B17 B9 B8 BO 



B35 B27 B26 B18 B17 B9 B8 BO 
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1st: Read From FIFOI/Wrlte to FIF02 



2nd: Read From FIF01 /Write to FIF02 



B35 B27 B26 B18 B17 B9 B8 BO 



3rd: Read From FIFOI/Wrlte to FIF02 



B35 B27 B26 B18 B17 B9 B8 BO 



4th: Read From FIF01 /Write to FIF02 



(d) BYTE SIZE - BIG ENDIAN 

Figure 1. Dynamic Bus Sizing 
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dynamic bus sizing (continued) 
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1st: Read From FIF01 /Write to FIF02 



2nd: Read From FIF01 /Write to FIF02 



3rd: Read From FIF01 /Write to FIF02 



4th: Read From FIF01 /Write to FIF02 



(e) BYTE SIZE - LITTLE ENDIAN 

Figure 1. Dynamic Bus Sizing (continued) 



bus-matching FIF01 reads 

Data is read from the FIF01 RAM in 36-bit long-word increments. If a long-word bus size is implemented, the 
entire long word immediately shifts to the FIF01 output register. If byte or word size is implemented on port B, 
only the first one or two bytes appear on the selected portion of the FIF01 output register with the rest of the 
long word stored in auxiliary registers. In this case, subsequent FIF01 reads with the same bus-size 
implementation output the rest of the long word to the FIF01 output register in the order shown by Figure 1 . 

Each FIF01 read with a new bus-size implementation automatically unloads data from the FIF01 RAM to its 
output register and auxiliary registers. Therefore, implementing a new port-B bus size and performing a FIF01 
read before all bytes or words stored in the auxiliary registers have been read results in a loss of the unread 
long-word data. 

When reading data from FIF01 in byte or word format, the unused B0-B35 outputs remain inactive but static 
with the unused FIF01 output register bits holding the last data value to decrease power consumption. 

bus-matching FIF02 writes 

Data is written to the FIF02 RAM in 36-bit long-word increments. FIF02 writes with a long-word bus size 
immediately store each long word in FIF02 RAM. Data written to FIF02 with a byte or word bus size stores the 
initial bytes or words in auxiliary registers. The CLKB rising edge that writes the fourth byte or the second word 
of long word to FIF02 also stores the entire long word in FIF02 RAM. The bytes are arranged in the manner 
shown in Figure 1 . 

Each FIF02 write with a new bus-size implementation resets the state machine that controls the data flow from 
the auxiliary registers to the FIF02 RAM. Therefore, implementing a new bus size and performing a FIF02 write 
before bytes or words stored in the auxiliary registers have been loaded to FIF02 RAM results in a loss of data. 
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port-B mail-register access 

In addition to selecting port-B bus sizes for FIFO reads and writes, the port-B bus size select (SIZO, SIZ1 ) inputs 
also access the mail registers. When both SIZO and SIZ1 are high, the main register is accessed for a port-B 
long-word read and the mail2 register is accessed for a port-B long-word write. The mail register is accessed 
immediately. Any bus-sizing operation that is underway is unaffected by the mail-register access. After the 
mail-register access is complete, the previous FIFO access can resume in the next CLKB cycle. The logic 
diagram in Figure 2 shows that the previous bus-size selection is preserved when the mail registers are 
accessed from port B. A port-B bus size is implemented on each rising CLKB edge according to the states of 
SIZ0_Q, SIZ1_Q. and BE_Q. 



CLKB 



MUX 



- G1 



SIZO 
SIZ1 
BE 



SIZ0_Q 
SIZ1_Q 
BE_Q 



Figure 2. Logic Diagram for SIZO, SIZ1, arid BE Register 



byte swapping 

The byte-order arrangement of data read from FIF01 or data written to FIF02 can be changed synchronous 
to the rising edge of CLKB. Byte-order swapping is not available for mail-register data. Four modes of byte-order 
swapping (including no swap) can be done with any data-port-size selection. The order of the bytes are 
rearranged within the long word, but the bit order within the bytes remains constant. 

Byte arrangement is chosen by the port-B swap select (SWO, SW1) inputs on a CLKB rising edge that reads 
a new long word from FIF01 or writes a new long word to FIF02. The byte order chosen on the first byte or first 
word of a new long-word read from FIF01 or written to FIF02 is maintained until the entire long word is 
transferred, regardless of the SWO and SW1 states during subsequent writes or reads. Figure 3 is an example 
of the byte-order swapping available for long words. Performing a byte swap and bus size simultaneously for 
a FIF01 read first rearranges the bytes as shown in Figure 3, then outputs the bytes as shown in Figure 1. 
Simultaneous bus-sizing and byte-swapping operations for FIF02 writes load the data according to Figure 1 , 
then swap the bytes as shown in Figure 3 when the long word is loaded to FIF02 RAM. 
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byte swapping (continued) 
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(b) BYTE SWAP 
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(c) WORD SWAP 
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(d) BYTE-WORD SWAP 

Figure 3. Byte Swapping (Long-Word Size Example) 



Texas 
Instruments 

1 2-48 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN74ABT3614 

64 x 36 x 2 CLOCKED BIDIRECTIONAL FIRST-IN, FIRST-OUT MEMORY 

WITH BUS MATCHING AND BYTE SWAPPING 

SCBS126F - JUNE 1 992 - REVISED FEBRUARY 1 996 



parity checking 

The port-A data inputs (AO- A35) and port-B data inputs (B0-B35) each have four parity trees to check the parity 
of incoming (or outgoing) data. A p arity fai lure on one or more bytes of the port-A data bus is reported by a low 
level on the port-A parity error flag (PEFA). A parity failure on one or more bytes of the port-B da ta inpu ts that 
are valid for the bus-size implementation is reported by a low level on the port-B parity-error flag (PEFB). Odd- 
or even-parity checking can be selected, and the parity-error flags can be ignored if this feature is not desired. 

Parity status is checked on each input bus according to the level of the odd/even parity (ODD/EVEN) select 
input. A parity error on one or mo re valid bytes of a port is reported by a low level on the corresponding 
port-parity-error flag (PEFA, PEFB) output. Port-A bytes are arranged as A0-A8, A9-A17, A18-A26, and 
A27-A35. Port-B bytes are arranged as B0-B8, B9-B17, B18-B26, and B27-B35, and its valid bytes are 
t hose used in a port-B bus-size implementation. When odd/even parity is selected, a port-parity-error flag 
(PEFA, PEFB) is low if any valid byte on the port has an odd/even number of low levels applied to the bits. 

The four parity trees used to check the AO- A35 inputs are shared by the mail2 register when parity generation 
is selected fo r port- A reads (PGA = high). When a port-A read from the mail2 register with parity gen eration is 
selected with CSA low, ENA high, W/RA low, MBA high, and PGA high, the port-A parity-error flag (PEFA) is 
held high regardless of the levels applied to the A0-A35 inputs. Likewise, the parity trees used to check 
the B0-B35 inputs are shared by the main register when parity generation is selected fo r por t-B reads 
(PGB = highJ^When a port-B read from the main register with parity generation is selected with C SB low, ENB 
high, and W/RB low, both SIZO and SIZ1 high, and PGB high, the port-B parity-error flag (PEFB) is held high 
regardless of the levels applied to the B0-B35 inputs. 

parity generation 

A high level on the port-A parity-generate select (PGA) or port-B parity-generate select (PGB) enables the 
SN74ABT361 4 to generate parity bits for port reads from a FIFO or mailbox register. Port-A bytes are arranged 
as A0-A8, A9-A1 7, A1 8- A26, and A27- A35, with the most significant bit of each byte used as the parity bit. 
Port-B bytes are arranged as B0-B8, B9-B1 7, B1 8-B26, and B27-B35, with the most significant bit of each 
byte used as the parity bit. A write to a FIFO or mail register stores the levels applied to all nine inputs of a byte 
regardless of the state of the parity-generate select (PGA, PGB) inputs. When data is read from a port with parity 
generatio n selec ted, the lower eight bits of each byte are used to generate a parity bit according to the level on 
the ODD/EVEN select. The generated parity bits are substituted for the levels originally written to the most 
significant bits of each byte as the word is read to the data outputs. 

Parity bits for FIFO data are generated after the data is read from SRAM and before the data is written to the 
output register. The port-A parity-generate select (PGA) and odd/even parity select (ODD/EVEN) have setup- 
and hold-tim e constraints to the port-A clock (CLKA) and the port-B parity generate select (PGB) and 
ODD/EVEN have setup and hold-time constraints to the port-B clock (CLKB). These timing constraints only 
apply for a rising clock edge used to read a new long word to the FIFO output register. 

The circuit used to generate parity for the main data is shared by the port-B bus (B0-B35) to check parity. The 
circuit used to generate parity for the mail2 data is shared by the port-A bus (A0-A35) to check parity. The 
shared parity trees of a port are used to generate parity bits for the data in ajnail register when the port chip 
select (CSA, CSB) is low, enable (ENA, ENB) is high, write/read select (W/RA, W/RB) input is low, the mail 
register is selected (MBA is high for port A; both SIZO and SIZ1 are high for port B), and port parity-generate 
select (PGA, PGB) is high. Generating parity for mail register data does not change the contents of the register. 
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Figure 4. Device Reset Loading the X Register With the Value of Eight 



12-50 



Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN74ABT3614 

64 x 36 x 2 CLOCKED BIDIRECTIONAL FIRST-IN, FIRST-OUT MEMORY 

WITH BUS MATCHING AND BYTE SWAPPING 



SCBS126F- JUNE 1992- REVISED FEBRUARY 1996 



!«- tw(CLKH) "*|*~ tw(CLKL) "*j 



CLKA /" 



4 



A. 



FFA High 



tsu(EN) 



± — iW 



th(EN) 



CSA 



tsu(EN) f *|**| th(EN) 



w/ra y//////////// { — 

tsu(EN) |« *t**| ^(EN) 

ssssssssss^ ' ~~ 



y 



tsugN) {» »j«^^0 t su(E N) |« — =t| j*~ <h < EN > ts U(EN) h — ^ 



'h(EN) 



^tzzzzzzzzzzzi — i towww — <SS\\S\\S\SS ^////////A 

t su (D) j« th(D) 

A0-A35 



ODD/ 
EVEN 



tpd(D-PE) H *l tpd(D-PE) 



t Written to FIF01 



Figure 5. Port-A Write-Cycle Timing for FIF01 
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t SIZO = H and SIZ1 = H writes data to the mail2 register. 

DATA SWAP TABLE FOR LONG-WORD WRITES TO FIF02 
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Figure 6. Port-B Long-Word Write-Cycle Timing for FIF02 
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t SIZO = H and S IZ1 = H writes data to the mail2 register. 

NOTE A: PEFB indicates parity error for the following bytes: B35-B27 and B26-B18 for big-endian bus, and B17-B9 and B8-B0 for little- 
endian bus. 



DATA SWAP TABLE FOR WORD WRITES TO FIF02 
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Figure 7. Port-B Word Write-Cycle Timing for FIF02 
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t SIZO = H and S IZ1 = H writes data to the mail2 register. 

NOTE A: PEFB indicates parity error for the following bytes: B35-B27 for big-endian bus and B1 7-B9 for little-endian bus. 

Figure 8. Port-B Byte Write-Cycle Timing for FIF02 
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DATA SWAP TABLE FOR BYTE WRITES TO FIF02 
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Figure 8. Port-B Byte Write-Cycle Timing for FIF02 (Continued) 
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t SIZO = H and SIZ1 = H selects the main register for output on B0-B35. 
$ Data read from FIF01 



DATA SWAP TABLE FOR LONG-WORD READS FROM FIF01 
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Figure 9. Port-B Long-Word Read-Cycle Timing for FIF01 
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U t a H [« ta H tdlsj* *| 



Previous Data 



Bi! 
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B35- 



- < Previous Data Read 1 



tdis j* 



Read 2 



t SIZO = H and SIZ1 = H selects the maill register for output on B0-B35. 

* Unused word B0-B17 or B18-B35 holds the last FIF01 -output-register data for word-size reads. 

DATA SWAP TABLE FOR WORD READS FROM FIF01 



DATA WRITTEN TO FIF01 


SWAP MODE 


READ 
NO. 


DATA READ FROM FIF01 


BIG ENDIAN 


LITTLE ENDIAN 


A35-A27 A26-A18 A17-A9 A8-A0 


SW1 swo 


B35-B27 B26-B18 


B17-B9 B8-B0 


A B C D 


L L 


1 
2 


A B 
C D 


C D 
A B 


ABC D 


L H 


1 
2 


D C 
B A 


B A 
D C 


ABC D 


H L 


1 
2 


C D 
A B 


A B 
C D 


A B C D 


H H 


1 

2 


B A 
D C 


D C 
B A 



Figure 10. Port-B Word Read-Cycle Timing for FIF01 
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tsu(sz) p*-»H t h (sz) I I i 
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PGB, 
ODD/EVEN 
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B27-B35 



ten l«— H k- t a -»l 



tdis 



|4— t a -» i j«— t a -»l 

S ( Readl X Read"? )( Read 3 ]T~ Read 4 ) U 

Previous Data I I I | T 



ta 



Readl 



Read 2 



Read 3 



tdis 



Read 4 



Previous Data 



t SIZO = H and SIZ1 = H selects the main register for output on B0-B35. 

NOTE A: Unused bytes hold the last FIF01 -output-register data for byte-size reads. 

Figure 11. Port-B Byte Read-Cycle Timing for FIF01 
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DATA SWAP TABLE FOR BYTE READS FROM FIF01 















DATA READ 


DATA WRITTEN TO FIF01 




SWAP MODE 


READ 
NO. 


FROM FIF01 




BIG 


LITTLE 












ENDIAN 


ENDIAN 


A35-A27 A26-A18 


A17-A9 


A8-A0 


SW1 


swo 




B35-B27 


B8-B0 












1 


A 


D 


A B 


C 


D 


L 


L 


2 
3 
4 


B 
C 
D 


C 
B 
A 












1 


D 


A 


A B 


C 


D 


L 


H 


2 
3 
4 


C 
B 
A 


B 

C 
D 












1 


C 


B 


A B 


c 


D 


H 


L 


2 
3 
4 


D 
A 
B 


A 
D 
C 












1 


B 


C 


A B 


c 


D 


H 


H 


CM CO "fr 


A 
D 
C 


D 
A 
B 



Figure 11. Port-B Byte Read-Cycle Timing for FIF01 (continued) 
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Figure 12. Port-A Read-Cycle Timing for FIF02 
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CLKA 
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MBA ,S\\\\\\ | \///////////////////^^^ 



ENA 
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■ th(EN) 

////// t i 




SIZ1.SIZ0 Low 

;///////////////////////////7/P\ Vsssssssssssssssssssssss^ 



ENB 



B0-B35 



W1 



t t S ki is the minimum time between a rising CLKA edge and a rising CLKB edge fo r EFB to transition high in the next CLKB cycle. If the time between 

the rising CLKA edge and rising CLKB edge is less than t S |<i , the transition of EFB high may occur one CLKB cycle later than shown. 
NOTE A: Port-B size of the long word is selected for FIF01 read by SIZ1 = L, SIZO = L. If port-B size is word or byte, EFB is set low by the last 
word or byte read from FIF01, respectively. 

Figure 13. EFB-Flag Timing and First Data Read When FIF01 Is Empty 
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CLKB 



CSB Low 




W/RB High 

tsu(EN) , _^ 

SIZ1,SIZ0 \\\\\\\\ I 
tsu(EN) WZC 
ENB /////// \ 



h- ^(EN) 
H- 'MEN) 



FFB High 



tsu(D) 



k- *h(D) 



B0-B35 S6M66<^ 



CLKA 




MBA Low 



tsu(EN) 



k-t a -» | 

A0-A35 <xxxxxxxx><x><I>4W^^ wi 

t t s ki is the minimum time between a rising CLKB edge and a rising CLKA edge fo rEFA to transition high in the next CLKA cycle. If the time between 

the rising CLKB edge and rising CLKA edge is less than t s ^i . the transition of EFA high may occur one CLKA cycle later than shown. 
NOTE A: Port-B size of the long word is selected for FIF02 write by SIZ1 = L, SIZO => L. If port-B size is word or byte, t s ki is referenced to the 
rising CLKB edge that writes the last word or byte of the long word, respectively. 

Figure 14. EFA-Flag Timing and First Data Read When F1F02 Is Empty 
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B0-B35 Previous Word in FIF01 Output Register \ Next Word From FIF01 
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VsSSSSSSSSSSSNS 

th(D) 



*su(D) 

ao-a35 ^666^666^^ — 

To FIF01 

t t s ki is the minimum time between a rising CLKB edge and a rising CLKA edge for FFA to transition high in the next CLKA cycle. If the time between 

the rising CLKB edge and rising CLKA edge is less than t S ki , FFA may transition high one CLKA cycle later than shown. 
NOTE A: Port-B size of the long word is selected for the FIF01 read by SIZ1 « L, SIZO = L. If port-B size is word or byte, t S |<i is referenced from 
the rising CLKB edge that reads the first word or byte of the long word, respectively. 

Figure 15. FFA-Flag Timing and First Available Write When FIF01 Is Full 
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j \ / V 
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MBA Low 
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////// I 



EFA High I 
A0-A35 Previous Word In FIF02 Output Register X Next Word From FIF02 



CLKB 
FFB 



tsklt 



tw(CLKH) |«- 



FIF02 Full 



-tc 



^ t w (CLKL) 
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W/RB High 



t su (EN)k— ♦^th(EN) 



SIZ1,SIZ0 
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+| th(EN) 



EMB ///////////////////////^^ i ^^ \\\\\\sn< 

*su(D) r* — *pM th(D) 

B0-B35 ^m^m^ 

To FIF02 

t t S ki is the minimum time between a rising CLKA edge and a rising CLKB edge for FFB to transition high in the next CLKB cycle. If the time between 

the rising CLKA edge and rising CLKB edge is less than t S ki , FFB may transition high one CLKB cycle later than shown. 
NOTE A: Port-B size of the long word is selected for FIF02 write by SIZ1 = L, SIZO = L. If port-B size is word or byte, FFB is set low by the last 
word or byte write of the long word, respectively. 

Figure 16. FFB-Flag Timing and First Available Write When FIF02 Is Full 
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AEB X Long Words In FIFQ1 jf (x + 1( Long Words In FIF01 *L 

tsu(EN)|^l^ th < EN > 



■» CZZZZZ2 — ^V\\A 

t t s k2 is the minimum time between a rising CLKA edge and a risi ng CL KB edge for AEB to transition high in the next CLKB cycle. If the time between 
the rising CLKA edge and risin g CLKB jdge is less than t s |<2, AEB ma y tran sition high one CLKB cycle later than shown. 

NOTES: A. FIF01 write (CSA = L, W/RA = H, MBA = L), FIF01 read (CSB = L, W/RB = L, MBB = L) 

B. Port-B size of the long word is selected for FIF01 read by SIZ1 = L, SIZO - L. If port-B size is word or byte, AEB is set low by the 
first word or byte read of the long word, respectively. 

Figure 17. Timing for AEB When FIF01 Is Almost Empty 
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GZZZZ2 — <SS\\\\\ 



ENA 



t t s k2 is the minimum time between a rising CLKB edge and a risi ng CL KA edge for AEA to transition high in the next CLKA cycle. If the time between 

the rising CLKB edge and risin g CLKAjedge is less than t s |<2, AEA ma y tran sition high one CLKA cycle later than shown. 
NOTES: A. FIF02 write (CSB = L, W/RB = H, MBB = L), FIF02 read (CSA = L, W/RA = L, MBA = L) 

B. Port-B size of the long word is selected for FIF02 write by SIZ1 = L, SIZO - L. If port-B size is word or byte, t s |<2 is referenced from 
the rising CLKB edge that writes the last word or byte of the long word, respectively. 

Figure 18. Timing for AEA When FIF02 Is Almost Empty 
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J \ / V 
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-*! 



a / — \ r 



|<-th(EN) 



#/////» 



t t s k2 is the minimum time between a rising CLKA edge and a risi ng CL KB edge for AFA to transition high in the next CLKA cycle. If the time between 

the rising CLKA edge and risin g CLKB_edge is less than t s j<2, AFA ma y tran sition high one CLKB cycle later than shown. 
NOTES: A. FIF01 write (CSA = L, W/RA = H, MBA = L), FIF01 read (CSB = L, W/RB = L, MBB = L) 

B. Port-B size of the long word is selected for FIF01 read by SIZ1 = L, SIZO = L. If port-B size is word or byte, t S |<2 is referenced from 
the first word or byte read of the long word, respectively. 

Figure 19. Timing for AFA When FIF01 Is Almost Full 
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T tsk2 is tn © minimum time between a rising CLKB edge and a risi ng CL KA edge for AFB to transition high in the next CLKB cycle. If the time between 
the rising CLKB edge and risin g CLKAedge is less than t S |<2, AFB m ay tran sition high one CLKA cycle later than shown. 

NOTES: A. FIF02 write (CSB = L, W/RB= H, MBB = L), FIF02 read (CSA = L, W/RA = L, MBA = L) 

B. Port-B size of the long word is selected for FIF02 write by SIZ1 = L, SIZO = L. If port-B size is word or byte, AFB is set low by the 
last word or byte write of the long word, respectively. 

Figure 20. Timing for AFB When FIF02 Is Almost Full 
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Figure 21. Timing for Maih Register and MBF1 Flag 
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Figure 22. Timing for Mail2 Register and MBF2 Flag 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 1 2-67 



SN74ABT3614 

64 x 36 x 2 CLOCKED BIDIRECTIONAL FIRST-IN, FIRST-OUT MEMORY 
WITH BUS MATCHING AND BYTE SWAPPING 



SCBS126F- JUNE 1992- REVISED FEBRUARY 1996 



ODD/ 
EVEN 



W/RA 



MBA ^//////^////////////^//////////^ 
I I I 



jT 

i 



V^nWW 

I 

■ isssssssss^ 

tpd(E-PE) ^ *\ 



tpd(O-PE) k- 



tpd(0-PE) N- 



PEFA 



Valid 



Valid 



tpd(E-PE) k- 



Valid 



T 



Figure 23. ODD/EVEN, W/RA, MBA, and PGA to PEFA Timing 
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Figure 24. ODD/EVEN, W/RB, SIZ1, SIZO, and PGB to PEFB Timing 
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Figure 25. Parity-Generation Timing When Reading From the Mail2 Register 
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Figure 26. Parity-Generation Timing When Reading From the MaiH Register 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc • -0-5 V to 7 V 

Input voltage range, V| (see Note 1) -0.5 V to Vcc + 0-5 V 

Output voltage range, Vq (see Note 1) -0.5 V to Vcc + 0-5 V 

Input clamp current, I|k (V| < 0 or Vj > Vcc) ±20 mA 

Output clamp current, Iqk ( v O < 0 or Vq > Vcc) ±50 mA 

Continuous output current, Iq (Vq = 0 to Vcc) ±50 mA 

Continuous current through Vcc or GND ±500 mA 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output voltage ratings may be exceeded provided the input and output current ratings are observed. 



recommended operating conditions 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


V 


V|L 


Low-level input voltage 


0.8 


V 


'OH 


High-level output current 


-4 


mA 


lOL 


Low-level output current 


8 


mA 


T A 


Operating free-air temperature 


0 


70 


°c 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP* MAX 


UNIT 


VOH 


VCC = 4 - 5 V, loH = ~4 mA 


2.4 


V 


vol 


Vcc = 4.5 V, Iol = 8 mA 


0.5 


V 


ii 


Vcc = 5.5 V, V| = Vccor0 


±50 


HA 


ioz 


Vcc = 5.5V, V O = V C Cor0 


±50 


ma 


'cc 


Vcc = 5.5 V, lo = 0mA, V| = VccorGND 


Outputs high 


30 


mA 


Outputs low 


130 


Outputs disabled 


30 


Cj 


V| = 0, f = 1 MHz 


4 


PF 


Co 


Vq = 0, f = 1 MHz 


8 


PF 



$ All typical values are at Vcc = 5 V, Ta = 25°C. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 4 through 26) 







'ABT3614-15 


ABT3614-20 


ABT3614-30 


UNIT 






MIN 


MAX 


MIN MAX 


MIN MAX 


fclock 


Clock frequency, CLKA or CLKB 


66.7 


50 


33.4 


MHz 


tc 


Clock cycle time, CLKA or CLKB 


15 


20 


30 


ns 


tw(CLKH) 


Pulse duration, CLKA and CLKB high 


6 


8 


12 


ns 


tw(CLKL) 


Pulse duration, CLKA and CLKB low 


6 


8 


12 


ns 


tsu(D) 


Setup time, A0-A35 before CLKAt and B0-B35 before CLKBt 


4 


5 


6 


ns 


tsu(EN) 


Setup time, CSA, W/RA, ENA, and MBA before CLKAt; CSB, 
W/RB, and ENB before CLKBt 


5 


5 


6 


ns 


tsu(SZ) 


Setup time, SIZO, SIZ1, and BE before CLKBt 


4 


5 


6 


ns 


tsu(SW) 


Setup time, SWO and SW1 before CLKBt 


5 


7 


8 


ns 


*su(PG) 


Setup time, ODD/EVEN and PGA before CLKAt; ODD/EVEN and 
PGB before CLKBtt 


4 


5 


6 


ns 


tsu(RS) 


Setup time, RST low before CLKAt or CLKBt* 


5 


6 


7 


ns 


tsu(FS) 


Setup time, FSO and FS1 before RST high 


5 


6 


7 


ns 


th(D) 


Hold time, A0-A35 after CLKAt and B0-B35 after CLKBt 


1 


1 


1 


ns 


th(EN) 


Hold time, CSA, W/RA, ENA, and MBA after CLKAt; CSB, W/RB, 
and ENB after CLKBt 


1 


1 


1 


ns 


th(SZ) 


Hold time, SIZO, SIZ1 , and BE after CLKBt 


2 


2 


2 


ns 


th(SW) 


Hold time, SWO and SW1 after CLKBt 


0 


0 


0 


ns 


th(PG) 


Hold time, ODD/EVEN and PGA after CLKAT; ODD/EVEN and 
PGB after CLKBtt 


0 


0 


0 


ns 


th(RS) 


Hold time, RST low after CLKAt or CLKBt* 


5 


6 


7 


ns 


th(FS) 


Hold time, FSO and FS1 after RST high 


4 


4 


4 


ns 


*sk1§ 


Skew time between CLKAt and CLKBt for EFA, EFB, FFA, and 
FFB 


8 


8 


10 


ns 


tsk2§ 


Skew time between CLKAt and CLKBt for AEA, AEB, AFA, and 
AFB 


9 


16 


20 


ns 



t Only applies for a clock edge that does a FIFO read 

$ Requirement to count the clock edge as one of at least four needed to reset a FIFO 

§ Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between CLKA cycle and 
CLKB cycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 30 pF (see Figures 4 through 26) 



PARAMETER 


ABT3614-15 


ABT3614-20 


'ABT3614-30 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


ta 


Access time, CLKAT to A0-A35 and CLKBT to B0-B35 


2 


10 


2 


12 


2 


15 


ns 


tpd(C-FF) 


Propagation delay time, CLKAT to FFA and CLKBT to FFB 


2 


10 


2 


12 


2 


15 


ns 


■■pavo-cr) 


Propagation delay time, CLKAT to EFA and CLKBt to EFB 


2 


10 


2 


12 


2 


15 


ns 




Propagation delay time, CLKAT to AEA and CLKBT to AEB 


2 


10 


2 


12 


2 


15 


ns 


tpd(C-AF) 


Propagation delay time, CLKAT to AFA and CLKBT to AFB 


2 


10 


2 


12 


2 


15 


ns 


tpd(C-MF) 


Propagation delay time, CLKAT to MBF1 low or MBF2 high and 
CLKBT to MBF2 low or MBFT high 


1 9 


1 


12 


1 


15 


ns 


tpd(C-MR) 


Propagation delay time, CLKA I to B0-B35T and CLKB I to 
A0-A35* 


o 
o 


11 


3 


13 


3 


15 


ns 


tpd(C-PE) § 


Propagation delay time, CLKBT to PEFB 


2 


11 


2 


12 


2 


13 


ns 


tpd(M-DV) 


Propagation delay time, MBA to A0-A35 valid and SIZ1, SIZO to 
dU— boo vaiia 


1 


11 


1 11.5 


1 


12 


ns 


tpd(D-PE) 


Propagation delay time, A0-A35 valid to PEFA valid; B0-B35 
valid to PEFB valid 


3 


10 


3 


11 


3 


13 


ns 


tpd(O-PE) 


Propagation delay time, ODD/EVEN to PEFA and PEFB 


3 


11 


3 


12 


3 


14 


ns 


tpd(O-PB) 11 


Propagation delay time, ODD/EVEN to parity bits (A8, A17, A26, 
A35) and (B8, B17, B26, B35) 


2 


11 


2 


12 


2 


14 


ns 


tpd(E-PE) 


Propagation delay time, CSA, ENA, W/RA, MBA, or PGA to 
PEFA; CSB, ENB, W/RB, SIZ1 , SIZO, or PGB to PEFB 


1 


11 


1 


12 


1 


14 


ns 


tpd(E-PB) 11 


Propagation delay time, CSA, ENA, W/RA, MBA, or PGA to 
parity bits (A8, A17, A26, A35); CSB, ENB, W/RB, SIZ1, SIZO, or 
PGB to parity bits (B8, B17, B26, B35) 


3 


12 


3 


13 


3 


14 


ns 


tpd(R-F) 


Propagation delay time, RST to (MBFT, MBF2) high 


1 


15 


1 


20 


1 


30 


ns 


*en 


Enable time, CSA and W/RA low to A0-A35 active and CSB low 
and W/RB high to B0-B35 active 


2 


10 


2 


12 


2 


14 


ns 


*dis 


Disable time, CSA or W/RA high to A0-A35 at high impedance 
and CSB high or W/RB low to B0-B35 at high impedance 


1 


8 


1 


9 


1 


11 


ns 



t Writing data to the rnaih register when the B0-B35 outputs are active and SIZ1 , SIZO are high 
$ Writing data to the mail2 register when the AO- A35 outputs are active and MBA is high 
§ Only applies when a new port-B bus size is implemented by the rising CLKB edge 
^ Only applies when reading data from a mail register 
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TYPICAL CHARACTERISTICS 

SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 



E 



c 

□ 
O 
>» 

a 

3 

I 



o 
o 



fdock - Clock Frequency - MHz 
Figure 27 

calculating power dissipation 

The lcc(f) current for the graph in Figure 27 was taken while simultaneously reading and writing the FIFO on 
the SN74ACT361 4 with CLKA and CLKB set to f C iock- AN data inputs and data outputs change state during each 
clock cycle to consume the highest supply current. Data outputs were disconnected to normalize the graph to 
a zero-capacitance load. Once the capacitive load per data-output channel is known, the power dissipation can 
be calculated using the equation below. 

With lcc(f) taken from Figure 27, the maximum power dissipation (Pj) of the SN74ABT361 4 can be calculated 
by: 

PT - V C C x lcC(f) + £(C L x V 0H 2 x W 
where: 

Cl = output capacitive load 

f 0 = switching frequency of an output 

Vqh = high-level output voltage 

When no reads or writes are occurring on the SN74ABT3614, the power dissipated by a single clock (CLKA 
or CLKB) input running at frequency fdock is calculated by: 

Pt = Vcc x fclock x 0.29 mA/MHz 
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PARAMETER MEASUREMENT INFORMATION 



5V 



From Output 
Under Test 



680 ft 



1.1 kQ 



30 pF 

(see Note A) 



LOAD CIRCUIT 



Timing 
Input 



^1.5 V 

4 — 



3 V 

GND 

Data, I/ 3V 

Enable \15V 
Input f \— gnd 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



High-Level 
Input 



Low-Level 
Input 




VOLTAGE WAVEFORMS 
PULSE DURATIONS 



Output 
Enable 



Low-Level 
Output 



High-Level 
Output 




—>| |«— tpHZ 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 



NOTE A: Includes probe and jig capacitance 



Input ^1.5 V 
tpdH* — H 



1.5 V 



3V 
GND 



In-Phase 
Output 



Vqh 



yF1.5V ^1.5 V 



vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



Figure 28. Load Circuit and Voltage Waveforms 
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General Information 



1 



Telecom Single-Bit FIFOs 


2 


Reduced-Width FIFOs 


3 


9-Bit Clocked/Strobed FIFOs 


B 


8- and 9-Bit Asynchronous FIFOs 


5 


0-Blt Synchronous FIFOs 


6 


18-Bit Clocked FIFOs E2 


18-Blt Strobed FIFOs 


8 


Multl-0™18-BftFIFO 


9 


3.3-V Low-Powered 1$-Blt FIFOs 


10 


DSP 32- and 36-Bit Clocked FIFOs 


11 


Internetworking 36-Bit Clocked FIFOs 


12 


High-Bandwidth Computing 36-Bit Clocked FIFOs Bel 


Military FIFOs 


14 


Application Reports 


15 


Mechanical Data 


16 
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HIGH-BANDWIDTH COMPUTING 
Features 



36-BIT CLOCKED FIFOS 
Benefits 



36-bit FIFO interface 

Bidirectional option 

Mailbox-register bypass 
Microprocessor-control circuitry 

Multiple default values for separate AF 
and AE flags 

Parity generation and check 

EIAJ standard 120-pin thin quad 
flat packs (TQFP) 

Tl has established an alternate source 



• Single-chip implementation for high levels 
of integration 

• Two dual-port SRAMS allow true 
bidirectional capability 

• Quick access to priority information 

• Interface matches most processors and 
DSP bus-cycle timing and 
communications 

• Easy alternatives for flag settings 

• Ensures valid data 

• 67% less board space than equivalent 
132-pin PQFPs; over 66% less board 
space than four 9-bit 32-pin PLCC 
equivalents 

• Standardization that comes from a 
common second source 
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• Free-Running CLKA and CLKB Can Be 
Asynchronous or Coincident 

• 64 x 36 Clocked FIFO Buffering Data From 
Port A to Port B 

• Mailbox-Bypass Register In Each Direction 

• Programmable Almost-Full and 
Almost-Empty Flags 

• Microprocessor Interface Control Logic 

• Full Flag (FF) and Almost-Full Flag (AF) 
Synchronized by CLKA 



description 



• Empty Flag (EF) and Almost-Empty 
Flag (AE) Synchronized by CLKB 

• Passive Parity Checking on Each Port 

• Parity Generation Can Be Selected for Each 
Port 

• Low-Power Advanced BiCMOS Technology 

• Supports Clock Frequencies up to 67 MHz 

• Fast Access Times of 10 ns 

• Available in Space-Saving 120-Pin Thin 
Quad Flat (PCB) and 132-Pin Plastic Quad 
Flat (PQ) Packages 



The SN74ABT3611 is a high-speed, low-power BiCMOS clocked FIFO memory. It supports clock frequencies 
up to 67 MHz and has read access times as fast as 10 ns. A 64 x 36 dual-port SRAM FIFO buffers data from 
port A to port B. The FIFO has flags to indicate empty and full conditions and two programmable flags (almost 
full and almost empty) to indicate when a selected number of words are stored in memory. Communication 
between each port can take place through two 36-bit mailbox registers. Each mailbox register has a flag to signal 
when new mail has been stored. Parity is checked passively on each port and can be ignored if not desired. 
Parity generation can be selected for data read from each port. Two or more devices can be used in parallel 
to create wider datapaths. 

The SN74ABT3611 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a port clock by enable signals. The clocks for 
each port are independent of one another and can be asynchronous or coincident. The enables for each port 
are arranged to provide a simple bidirectional interface between microprocessors and/or buses with 
synchronous control. 

The full flag (FF) and almost-full flag (AF) of the_FIFO are two-stage synchronized to the port clock that writes 
data to its array (CLKA). The empty flag (EF) and almost-empty (AE) flag of the FIFO are two-stage 
synchronized to the port clock that reads data from array (CLKB). 

The SN74ABT361 1 is characterized for operation from 0°C to 70°C. 

For more information on this device family, see the application reports FIFO Mailbox-Bypass Registers: Using 
Bypass Registers to Initialize DMA Control and Parity-Generate and Parity-Check Features for 
High-Bandwidth-Computing FIFO Applications in the 1 996 High-Performance FIFO Memories Designer's 
Handbook, literature number SCAA01 2A. 
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PCB PACKAGE 
(TOP VIEW) 



S!S! 
nn 



CD ON 00 

nnnn 



3! 5.2 
nnnnnn 



CO CO CO 

<< < 



38 
< < 



J t- O ^ O) 

> CO CO Z CM 
) CD fflOCO 



00 N O 
CMCM O 
CD CO 2> 



O CD CD CO CD 

nnnnnnnnnnnn 



cd un ^ co 

C\] OJ CVJ C\l 
CD CD CD CD 

nnnn 



A23 
A22 
A21 
GND 
A20 
A19 
A18 
A17 
A16 
A15 
A14 
A13 
A12 
A11 
A10 
GND 
A9 
A8 
A7 

V C C 
A6 
A5 
A4 
A3 

GND 
A2 
A1 
AO 
NC 
NC 



OOCOStOlOfCOCMT-OO) 1 

CVJ T-T--T-T-T-T-T-T-T-T-0' 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 
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IWZ2ZZ 
• F CD 




UUUU 
cd cd Icq o 
*z coz 

-J HI O 



NC - No internal connection 
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PQ PACKAGEt 
(TOP VIEW) 



l< lit lo 



< Bo 

O LU 



LU O ^^q-|clO 



z 

LU 
> 
LU 

m co § g|w 

2 LL LL OlDC 



Q CD 
Z O OO O £ 
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Li. Q 
CO _ 
2 O 



CD CO CD 
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O 



/ \ nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn / \ 

17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 132 130 128 126 124 122 120 118 ^ 

Q 131 129 127 125 123 121 119 



GND I 

NC I 
NC i 
AO i 
A1 i 
A2 i 
GND i 
A3 i 
A4 I 
A5 l 
A6 i 

Vcc' 

A7 i 
A8 I 
A9 i 
GND 
A10 
A11 i 

Vcc 1 

A12 i 
A13 i 
A14 i 

GND i 
A15 i 
A16 ! 
A17 I 
A18 I 
A19 ! 
A20 I 

GND i 
A21 l 
A22 I 
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l EFB 
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I B2 
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functional block diagram 



CLKA - 
CSA- 

W/RA- 
ENA- 
MBA- 



Port-A 
Control 
Logic 







RST 




Device 


ODD/ 


Control 


EVEN 





36 



A0-A35- 



FF- 
AF- 



FSO- 
FS1 - 



PGA - 



Maih 
Register 



64x36 
SRAM 



Write 
Pointer 



Parity ^ 
Gen/Check * 



MBF1 
■ PEFB 



I! 

S 



Read 
Pointer 



FIFO 



Status-Flag 
Logic 



PEFA 
MBF2 ■ 



p Parity "^T. 
^ Gen/Check 



Programmable- 
Flag 
Offset Register 



Mail2 
Register 



- PGB 



36 



. B0-B35 



EF 
AE 



Port-B 
Control 
Logic 



- CLKB 

CSB 
"W/RB 
-ENB 
-MBB 
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Terminal Functions 



TERMINAL 
NAME 


I/O 


nCC^DIDTIAM 

Description 


A0-A35 


I/O 


Port-A data. The 36-bit bidirectional data port for side A. 


AE 


0 


Almost-empty flag. Programmable flag synchronized to CLKB. AE is low when the number of words in the FIFO is less 
than or equal to the value in the offset register, X. 


AF 


0 


Almost-full flag. Programmable flag synchronized to CLKA. AF is low when the number of empty locations in the FIFO 
is less than or equal to the value in the offset register, X. 


B0-B35 


I/O 


Port-B data. The 36-bit bidirectional data port for side B. 


CLKA 


I 


Port-A clock. CLKA is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to CLKB. FF and AF are synchronized to the low-to-high transition of CLKA. 


CLKB 


I 


Port-B clock. CLKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
or coincident to CLKA. EF and AE are synchronized to the low-to-high transition of CLKB. 


CSA 


I 


Port-A chip select. CSA must be low to enable a low-to-high transition of CLKA to read or write data on port A. The 
A0-A35 outputs are in the high-impedance state when CSA is high. 


CSB 


I 


Port-B chip select. CSB must be low to enable a low-to-high transition of CLKB to read or write data on port B. The 
B0-B35 outputs are in the high-impedance state when CSB is high. 


EF 


0 


Empty flag. EF is synchronized to the low-to-high transition of CLKB. When EF is low, the FIFO is empty and reads from 
its memory are disabled. Data can be read from the FIFO to its output register when EF is high. EF is forced low when 
the device is reset and is set high by the second low-to-high transition of CLKB after data is loaded into empty FIFO 
memory. 


ENA 


I 


Port-A enable. ENA must be high to enable a low-to-high transition of CLKA to read or write data on port A. 


ENB 


I 


Port-B enable. ENB must be high to enable a low-to-high transition of CLKB to read or write data on port B. 


FF 


0 


Full flag. FF is synchronized to the low-to-high transition of CLKA. When FF is low, the FIFO is full and writes to its 
memory are disabled. FF is forced low when the device is reset and is set high by the second low-to-high transition of 
CLKA after reset. 


FS1 , FSO 


I 


Flag-offset selects. The low-to-high transition of RST latches the values of FSO and FS1 , which loads one of four preset 
values into the almost-full and almost-empty offset register, X. 


MBA 


I 


Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A read or write operation. 


MBB 


I 


Port-B mailbox select. A high level on MBB chooses a mailbox register for a port-B read or write operation. When the 
B0-B35 outputs are active, a high level on MBB selects data from the maiM register for output and a low level selects 
ine nru output register uaia ior ouxpui. 


MBFT 


0 


MaiH register flag. MBFT is set low by the low-to-high transition of CLKA that writes data to the main register. Writes 
to the mail! register are inhibited while MBF1 is low. MBF1 is set high by a low-to-high transition of CLKB when a port-B 
read is selected and MBB is high. MBFT is set high when the device is reset. 


MBF2 


o 


Mail2 register flag. MBF2 is set low by the low-to-high transition of CLKB that writes data to the mail2 register. Writes 
to the mail2 register are inhibited while MBF2 is low. MBF2 is set high by a low-to-high transition of CLKA when a port-A 

ragH !e oplpptpri flnH MRA i'q hinh MRF9 <spt hinh whpn thA Hpv/ipp iq rpcot 
i cau io ocicwicvj ai iu iviu/-\ io iiiyii. ivicjnc. 10 oci niy ii whom uic ucvioc is icoci. 


ODD/ 
EVEN 


I 


Odd/even parity select. Odd parity is checked on each port when ODD/EVEN is high and even parity is checked when 
ODD/EVEN is low. ODD/EVEN also selects the type of parity generated for each port if parity generation is enabled 
for a read operation. 


PEFA 


0 

(port A) 


Port-A parity error flag. When any byte applied to A0-A35 fails parity, PEFA is low. Bytes are organized as A0-A8, 
A9- A1 7, A1 8- A26, and A27-A35, with the most significant bit of each byte serving as the parity bit. The type of parity 
checked is determined by the state of ODD/EVEN. 

The parity trees used to check the AO- A35 inputs are shared by the mail2 register to generate parity if parity generation 
is selected by PGA. Therefore, if a mail2 read with parity generation is set up by having CSA low, ENA high, W/RA low, 
MBA high, and PGA high, PEFA is forced high regardless of the state of the AO - A35 inputs. 
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Terminal Functions (Continued) 



TERMINAL 
NAME 


I/O 


DESCRIPTION 


PEFB 


0 

(port B) 


Port-B parity error flag. When any byte applied to terminals B0-B35 fails parity, PEFB is low. Bytes are organized as 
B0-B8, B9-B1 7, B1 8-B26, and B27-B35, with the most significant bit of each byte serving as the parity bit. The type 

r»f nnritv phopkftri ic Hotprminori Hv thft ctato r>f Onn/F\/FM 
vji |jcii uy isi iov/ivou to ucioi 1 1 in iovj uy ii io oicuc \Ji uume v tiN. 

The parity trees used to check the BO - B35 inputs are shared by the main register to generate parity if parity generation 
is selected by PGB. Therefore, if a mailt read with parity generation is set up by having CSB low, ENB high, W/RB 
low, MBB high, and PGB high, PEFB is forced high regardless of the state of the BO— B35 inputs. 


DO A 




Port-A parity generation. Parity is generated for mail2 register reads from port A when PGA is high. The type of parity 
generated is seieciea uy ine siaie oi vjuu/e vein, oyies are organized as mu— mo, ny-n i / , a io— m^o, ana nt/ —moo. 
The generated parity bits are output in the most significant bit of each byte. 


PGB 




Port-B parity generation. Parity is generated for data reads from port B when PGB is high. The type of parity generated 
is selected by the state of ODD/EVEN. Bytes are organized as B0-B8, B9-B17, B18-B26, and B27-B35. The 
generated parity bits are output in the most significant bit of each byte. 


RST 




Reset. To reset the device, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur 
while RST is low. This sets AF, MBF1 , and MBF2 high and EF, AE, and FF low. The low-to-high transition of RST latches 
the status of FS1 and FSO to select AF and AE flag offset. 


W/RA 




Port-A write/read select. W/RA high selects a write operation and a low selects a read operation on port A for a 
low-to-high transition of CLKA. The A0-A35 outputs are in the high-impedance state when W/RA is high. 


W/RB 




Port-B write/read select. W/RB high selects a write operation and a low selects a read operation on port B for a 
low-to-high transition of CLKB. The B0-B35 outputs are in the high-impedance state when W/RB is high. 



detailed description 
reset 

The SN74ABT3611 is reset by taking the res et (R ST) input low for at least four port-A clock (CLKA) and four 
port-B clock (CLKB) low-to-high transitions. RST can switch asynchronously to the clocks. A device reset 
initializes the internal read arvdwrite pointers of the FIFO and forces the full flag (FF) low, the empty flag (EF) 
l ow, the almos t-empty flag (AE) lowland the almost-full flag (AF) high. A reset also forces the mailbox flags 
(MBF1 , MBF2) high. After a reset, FF is set high after two low-to-high transitions of CLKA. The device must be 
reset after power up before data is written to its memory. 

A low-to-high transition on RST loads the almost-full and almost-empty offset register (X) with the value selected 
by the flag-select (FSO, FS1) inputs. The values that can be loaded into the register are shown in Table 1 . 



Table 1. Flag Programming 



FS1 


FSO 


RST 


ALMOST-FULL AND 
ALMOST-EMPTY FLAG 
OFFSET REGISTER (X) 


H 


H 


t 


16 


H 


L 


t 


12 


L 


H 


T 


8 


L 


L 


T 


4 



FIFO write/read operation 

The state of the port-A data (A0-A35) outputs is controlled by the port-A chip select (CSA ) and the port-A 
write/read select (W/RA). The A0-A35 outputs are in the high-impedance state when either CSA or W/RA is 
high. The A0-A35 outputs are active when both CSA and W/RA are low. Data is loaded into the FIFO from the 
A0-A35 inputs on a low-to-high transition of CLKA when CSA is low, W/RA is high, ENA is high, MBA is low, 
and FF is high (see Table 2). 
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FIFO write/read operation (continued) 



Table 2. Port-A Enable Function Table 



CSA 


W/RA 


ENA 


MBA 


CLKA 


A0-A35 OUTPUTS 


PORT FUNCTION 


H 


X 


X 


X 


X 


In high-impedance state 


None 


L 


H 


L 


X 


X 


In high-impedance state 


None 


L 


H 


H 


L 


T 


In high-impedance state 


FIFO write 


L 


H 


H 


H 


T 


In high-impedance state 


MaiM write 


L 


L 


L 


L 


X 


Active, mail2 register 


None 


L 


L 


H 


L 


T 


Active, mail2 register 


None 


L 


L 


L 


H 


X 


Active, mail2 register 


None 


L 


L 


H 


H 


T 


Active, mail2 register 


Mail2read (set MBF2 high) 



The port-B control signals are identi cal to those of port A. The state of the port-B data (B0-B35) outputs is 
controlled by the port-B chip select (CS B) an d the port-B write/read select (W/RB). The B0-B35 output s are 
in the high-impedance state when either CSB or W/RB is high. The B0-B35 outputs are active when both CSB 
and W /RB are low. Data is read from the FIFO to the B0-B35 outputs by a low-to-high transition of CLKB when 
CSB is low, W/RB is low, ENB is high, MBB is high, and EF is high (see Table 3). 



Table 3. Port-B Enable Function Table 



CSB 


W/RB 


ENB 


MBB 


CLKB 


B0-B35 OUTPUTS 


PORT FUNCTION 


H 


X 


X 


X 


X 


In high-impedance state 


None 


L 


H 


L 


X 


X 


In high-impedance state 


None 


L 


H 


H 


L 


T 


In high-impedance state 


None 


L 


H 


H 


H 


T 


In high-impedance state 


Mail2 write 


L 


L 


L 


L 


X 


Active, FIFO output register 


None 


L 


L 


H 


L 


T 


Active, FIFO output register 


FIFO read 


L 


L 


L 


H 


X 


Active, main register 


None 


L 


L 


H 


H 


T 


Active, maih register 


Maih read (set MBFT high) 



The setup- jnd hojd-time constraints to the port clocks for the port-chip selects (CSA, CSB) and write/read 
selects (W/RA, W/RB) are only for enabling write and read operations and are not related to high-impedance 
control of the data outputs. If a port enable is low during a clock cycle, the port-chip select and write/read select 
can change states during the setup- and hold-time window of the cycle. 
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synchronized FIFO flags 

Each FIFO flag Is synchronized to its port clockthrough two flip-flop stages. This is done to improve flag reliability 
by reducing the probability of metastable events on their outputs when CLKA and CLKB operate 
asynchronously to one another (see the application report Metastahility Performance of Clocked FIFOs in the 
1996 High-Performance FIFO Memories Data Book, literature number SCAD003C). FF and AF are 
synchronized to CLKA. EF and AE are synchronized to CLKB. Table 4 shows the relationship of the flags to the 
FIFO. 



Table 4. FIFO Flag Operation 



NUMBER OF WORDS 
IN THE FIFO 


SYNCHRONIZED 
TO CLKB 


SYNCHRONIZED 
TO CLKA 


EF 


AE 


AF FF 


0 


L 


L 


H H 


1 toX 


H 


L 


H H 


(X+1)to [64-(X + 1)J 


H 


H 


H H 


(64 -X) to 63 


H 


H 


L H 


64 


H 


H 


L L 



t X is the value in the almost-empty flag and almost-full flag offset register. 



empty flag (EF) 

The FIFO empty flag is synchronized to the port clock that reads data from its array (CLKB). When EF is high, 
new data can be read to the FIFO output register. When EF is low, the FIFO is empty and attempted FIFO reads 
are ignored. 

The FIFO read pointer is incremented each time a new word is clocked to its output register. The state machine 
that controls EF monitors a write-pointer and read-pointer comparator that indicates when the FIFO SRAM 
status is empty, empty+1 , or empty+2. A word written to the FIFO can be read to the FIFO output register in a 
minimum of three port-B clock (CLKB) cycles; therefore, EF is low if a word in memory is the next data to be 
sent to the FIFO output register and two CLKB cycles have not elapsed since the time the word was written. 
The empty flag of the FIFO is set high by the second low-to-high transition of CLKB, and the new data word can 
be read to the FIFO output register in the following cycle. 

A low-to-high transition on CLKB begins the first synchronization cycle of a write if the clock transition occurs 
at time t s ^i , or greater, after the write. Otherwise, the subsequent CLKB cycle can be the first synchronization 
cycle (see Figure 4). 

full flag (FF) 

The FIFO full flag is synchronized to the port clock that writes data to its array (CLKA). When FF is high, an 
SRAM location is free to receive new data. No memory locations are free when FF is low and attempted writes 
to the FIFO are ignored. 

Each time a word is written to the FIFO, its write pointer is incremented. The state machine that controls FF 
monitors a write-pointer and read-pointer comparator that indicates when the FIFO SRAM status is full, full — 1 , 
or full— 2. From the time a word is read from the FIFO, its previous memory location is ready to be written in a 
minimum of three port-A clock cycles. FF is low if less than two CLKA cycles have elapsed since the next 
memory write location has been read. The second low-to-high transition on CLKA after the read sets FF high 
and data can be written in the following clock cycle. 

A low-to-high transition on CLKA begins the first synchronization cycle of a read if the clock transition occurs 
at time t S ki , or greater, after the read. Otherwise, the subsequent clock cycle can be the first synchronization 
cycle (see Figure 5). 
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almost-empty flag (AE) 

The FIFO almost-empty flag is synchronized to the port clock that reads data from its array (CLKB). The state 
machine that controls AE monitors a write-pointer and read-pointer comparator that indicates when the FIFO 
SRAM status is almost empty, almost empty+1 , or almost empty+2. The almost-empty state is defined by the 
value of the almost-full and almost-empty offset register (X). This register is loaded with one of four preset values 
during a device reset (see reset}. AE is low when the FIFO contains X or less words in memory and is high when 
the FIFO contains (X + 1) or more words. 

Two low-to-high transitions on the port-B clock (CLKB) are required after a FIFO write for the almost-empty flag 
to reflect the new level of fill. The almost-empty flag (AE) of a FIFO containing (X + 1) or more words remains 
low if two CLKB cycles have not elapsed since the write that filled the memory to the (X + 1 ) level. AE is set high 
by the second CLKB low-to-high transition after the FIFO write that fills memory to the (X + 1 ) level. A low-to-high 
transition on CLKB begins the first synchronization cycle if it occurs at time t S |<2, or greater, after the write that 
fills the FIFO to (X + 1) words. Otherwise, the subsequent CLKB cycle can be the first synchronization cycle 
(see Figure 6). 

almost-full flag (AF) 

The FIFO almost-full flag is synchronized to the port clock that writes data to its array (CLKA). The state machine 
that controls AF monitors a write-pointer and read-pointer comparator that indicates when the FIFO SRAM 
status is almost full, almost full — 1 , or almost full— 2. The almost-full state is defined by the value of the almost-full 
and almost-empty offset register (X). This register is loaded with one of four preset values during a device reset 
(see reset). AF is low when the FIFO contains (64 - X) or more words in memory and is high when the FIFO 
contains [64 - (X + 1 )] or less words. 

Two low-to-high transitions on the port-A clock (CLKA) are required after a FIFO read for AF to reflect the new 
level of fill. The almost-full flag of a FIFO containing [64 - (X + 1 )] or less words remains low if two CLKA cycles 
have not elapsed since the read that reduced the number of words in memory to [64 - (X + 1)]. AF is set high 
by the second CLKA low-to-high transition after the FIFO read that reduces the number of words in memory 
to [64 - (X + 1 )]. A low-to-high transition on CLKA begins the first synchronization cycle if it occurs at time t S k2, 
or greater, after the read that reduces the number of words in memory to [64 - (X + 1)]. Otherwise, the 
subsequent CLKA cycle can be the first synchronization cycle (see Figure 7). 

mailbox registers 

Two 36-bit bypass registers are on the SN74ABT361 1 to pass command and control information between port 
A and port B. The mailbox-select (MBA, MBB) inputs choose between a mail register and a FIFO for a 
port-data-transfer operation. A low -to-high transition on CLKA writes A0-A35 data to the main register when 
a port-A write is selected by(CSA, W/RA, and ENA) with MBA high. A low- to-high transition on CLKB writes 
B0-B35 data to the mai!2 register when a port-B write i s selec t ed by (C SB, W/RB, and ENB) with MBB high. 
Writing data to a mail register sets its corresponding flag (MBF1 or MBF2) low. Attempted writes to a mail register 
are ignored while its mail flag is low. 

When the port-B data (B0-B35) outputs are active, the data on the bus comes from the FIFO output register 
when MBB is low and from the main register wh en MB B is high. Mail2 data is always present on A0-A35 outputs 
when they are active. The main register flag (MBF1) is set high by a low-to-high transit ion on CLKB when a 
port-B read is selected by CSB, W/RB, and ENB with MBB high. T he ma i!2 register flag (MBF2) is set high by 
a low-to-high transition on CLKA when a port-A read is selected by CSA, W/RA, and ENA with MBA high. The 
data in a mail register remains intact after it is read and changes only when new data is written to the register. 

parity checking 

The port-A (A0-A35) inputs and port-B (B0-B35) inputs each have four parity trees to check the parity of 
incoming (or outgoing) d ata. A parity fa ilure on one or more bytes of the input bus is reported by a low level on 
the port-parity-error flag (PEFA, PEFB). Odd or even parity checking can be selected and the parity-error flags 
can be ignored if this feature is not desired. 
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parity checking (continued) 

Parity status is checked on each input bus according to the level of the odd/even parity (ODD/EVEN) select 
input. A p arity error on one or more bytes of a port is reported by a low level on the corresponding port parity 
error flag (PEFA, PEFB) output. Port-A bytes are arranged as A0-A8, A9-A1 7, A1 8-A26, and A27-A35, and 
port-B bytes a re arranged as B0-B8, B9-B17, B18-B26, and B27-B35. When odd/even parity is selected, 
PEFA, PEFB is low if any byte on the port has an odd/even number of low levels applied to its bits. 

The four parity trees used to check the A0-A35 inputs are shared by the mail2 register when parity generation 
is selected fo r port -A reads (PGA = high). When a port-A read from t he mai !2 register with parity generation is 
selected with CSA low, ENA high, W/RA low, MBA high, and PGA high, PEFA is held high regardless of the levels 
applied to the A0-A35 inputs. Likewise, the parity trees used to check the B0-B35 inputs are shared by the 
main register when parity generation is selected fo r port- B reads (PGB = high). When a port-B read from the 
main register with parity generation is selected with CSB low, ENB high, W/RB low, MBB high, and PGB high, 
PEFB is held high regardless of the levels applied to the B0-B35 inputs. 

parity generation 

A high level on the port-A parity-generate select (PGA) or port-B parity-generate select (PGB) enables the 
SN74ABT361 1 to generate parity bits for port reads from a FIFO or mailbox register. Port-A bytes are arranged 
as A0-A8, A9-A1 7, A1 8-A26, and A27-A35, with the most significant bit of each byte used as the parity bit. 
Port-B bytes are arranged as B0-B8, B9-B17, B18-B26, and B27-B35, with the most significant bit of each 
byte used as the parity bit. A write to a FIFO or mail register stores the levels applied to all 36 inputs regardless 
of the state of the parity-generate select (PGA, PG B) inputs. When data is read from a port with parity generation 
selec ted, th e lower eight bits of each byte are used to generate a parity bit according to the level on the 
ODD/EVEN select. The generated parity bits are substituted for the levels originally written to the most 
significant bits of each byte as the word is read to the data outputs. 

Parity bits for FIFO data are generated after the data is read from SRAM an d befor e the data is written to the 
output register. Therefore, the port-B parity generate select (PGB) and ODD/EVEN have setup- and hold-time 
constraints to the port-B clock (CLKB) for a rising edge of CLKB used to read a new word to the FIFO output 
register. 

The circuit used to generate parity for the main data is shared by the port-B bus (B0-B35) to check parity and 
the circuit used to generate parity for the mai!2 data is shared by the port-A bus (A0-A35) to check parity. The 
shared parity trees of a po rt are used to generate parity bits for the data in a mail register when W/RA, W/RB 
is low, MBA, MBB is high, CSA, CSB is low, ENA, ENB is high, and PGA, PGB is high. Generating parity for 
mail-register data does not change the contents of the register. 
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CLKA 



CLKB 




FS1.FS0 ^666<^>666<x^^ 



tpd(C-FF) fr-j »j 



tpd(C-FF) K- 



r 



tpd(C-EF) |l »[ 



i r 



*j tpd(C-AE) 



+j tpd(C-AF) 



MBF1, 
MBF2 



tpd(R-F) k 



Figure 1. Device Reset Loading the X Register With the Value of Eight 
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CLKA 
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'///////////{ 
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1 )f //////// A 



^^^^ MM 
i i 



'pd(D-PE) )•- 



tpd(D-PE) 
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Figure 2. FIF01-Write-Cycle Timing 
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Figure 3. FIFO-Read-Cycle Timing 
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CLKA 



CSA Low 




W/RA High , 
tsu(EN3) 



•th(EN3) 



<su(EN2) | . 
ENA /////// 



k- 'h(EN2) 



A0-A35 




CSB Low 



W/RB Low 



MBB Low ^_ 

t3U ( EN2)^ ^ tH(EN2) 

wi 

t t S j<i is the minimum time between a rising CLKA edge and a rising CLKB edge forEFto transition high in the next CLKB cycle. If the time between 
the rising CLKA edge and rising CLKB edge is less than t s |<i , the transition of EF high may occur one CLKB cycle later than shown. 



Figure 4. EF-Flag Timing and First Data Read When the FIFO Is Empty 
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j V 
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EFB 
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B0-B35 Previous Word in FIFO Output Register^ Next Word From FIFO 
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MBA I )VMWS///M 

t S u(EN2)|« ►«|th(EN2) 



ENA 



A0-A35 



*su(D)h *h(D) 



To FIFO 



t t S ki is the minimum time between a rising CLKB edge and arising CLKA edge for FF to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less t s ki , FF may transition high one CLKA cycle later than shown. 



Figure 5. FF-Flag Timing and First Available Write When the FIFO Is Full 
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EN a 

CLKB^. / ^_Jn \ f2 \ / \ r \ 

tpd(C-AE) j« H t pd (c-AE) N H 

AE X Words In FIFO J r"tX + 1) Words In FIFO | \_ 

t t s k2 is the minimum time between a rising C.LKA edge and a rising CLKB edge for AE to transition high in the next CLKB cycle. If the time between 

the rising CLKA edg e and rising CLKB edge is less than t s '«2, A E may transition high one CLKB cycle later than shown. 
NOTE A: FIFO write (CSA = L, W/RA = H, MBA = L), FIFO read (CSB = L, W/RB = L, MBB = L). 

Figure 6. Timing for AE When the FIFO Is Almost Empty 
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I 
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tsu(EN2) M l 4 "^ 2 ) 
//////if 



$ t s k2 is the minimum time between a rising CLKA edge and a risingCLKB edge for AF to transition high in the next CLKA cycle. If the time between 

the rising CLKA edg e and rising CLKB edge is less than t s k2, A F may transition high one CLKB cycle later than shown. 
NOTE A: FIFO write (CSA = L, W/RA = H, MBA = L), FIFO read (CSB = L, W/RB = L, MBB = L). 

Figure 7. Timing for AF When the FIFO is Almost Full 
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->j tpd(M-DV) 

W tpd(C-MR) 



tdis 



FIFO Output Register 

NOTE A: Port-B parity generation off (PGB - L) 



^ &y^£>3k W1 (remains valid in main register after read) ""^ L 



Figure 8. Timing for MaiM Register and MBF1 Flag 
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CLKB /" 



tsu(EN1) l» 



CSB 



1 



f~ ^ 

«— th(EN1) 

> 

i 



y 



y 



w/RB ///////////^ 



MBB 



ENB 





t 8 »(D) ' K-^ r lh(D) 

B0-B35 6664<W><SM6^^ 



CLKA /" 



MBF2 



CSA 



W/RA //////A 



MBA 
ENA 

A0-A35 



y 



k- tpd(C-MF) -*j 



4 v. 

I*— tpd(C-MF) 

t 



t su(EN2) j, 'h(EN2 ) 

jzzz& to.. 



tdis 



. i t P d(C ; MR) ■ 

<>6666^666666663aC W1 (remains valid In mai!2 register after read) > 



NOTE A: Port-A parity generation off (PGA = L) 



Figure 9. Timing for Mail2 Register and MBF2 Flag 
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ODD/ — — — — — V / 

EVEN ^ ff 

I I 

W/RA ! | \ /f 

''I! 

MB * issssssssv 

II II 
pga //y/s/y/sys;;;;;;;;;//;;;;;;;;///;/! jSSSSSSSSV 

tpd(O-PE) |< H tp d (o.PE) I* H tpd(E-PE) N 1 tpd(E-PE) >j 

PEFA Valid } l f Valid jC Valid / \ Valid 

NOTE A: CSA = L and ENA = H 

Figure 10. ODD/EVEN, W/RA, MBA, and PGA to PEFA Timing 

ODD/ w y- < 

EVEN A /f 

I I 

WR* | I \ / 

i i i i 

tpd(O-PE) N M tp d (0-PE) h ~*l tp d (E.pE) N »| tpd(E-PE) k -»j 

PEFB Valid j( Valid jC Valid / \ Valid 

NOTE A: CSB = L and ENB « H 

Figure 11. ODD/EVEN, W/RB, MBB, and PGB to PEFB Timing 
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ODD/ 

EVEN 

CSA Low 



W/RA 



Y//////////K 



MBA 



^Tzzzzzzzzm 

1 i 1 

ten M ► k 

A8.A17, ]/— 

A26.A35 V_ 



tpd(E-PB) 



tpd(O-PB) ^ 



tpd(E-PB) 



Mall2 Data j( Generated Parity j( Generated Parity jfMail2 Data 



NOTE A: ENA = H 



Figure 12. Parity-Generation Timing When Reading From the Mail2 Register 



ODD/ — — 
EVEN 

CSB Low 



W/RB 



MBB 



PGB 



B8, B17, 
B26, B35 



ten |«- 



tpd(E-PB) 
j+ tpd(M-DV) "*l 



tpd(O-PB) 



tpd(E-PB) 



J fr<566<^y^>6£x3 l ( jT"* Generated Parity ) l ( Generated Parity ) l ( Main Data 



Maiil 
Data 



NOTE A: ENB = H 



Figure 13. Parity-Generation Timing When Reading From the Mail! Register 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to V<x + 0.5 V 

Output voltage range, Vq (see Note 1) -0.5 V to V C c + 0.5 V 

Input clamp current, I|k (V| < 0 or V| > V<x) ± 20 mA 

Output clamp current, Iqk ( v O < 0 or Vq > Vcc) ± 50 mA 

Continuous output current, Iq (Vq = 0 to Vqc) ± 50 mA 

Continuous current through Vcc or GND ± 500 mA 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output voltage ratings may be exceeded provided the input and output current ratings are observed. 



recommended operating conditions 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


v 


V|L 


Low-level input voltage 


0.8 


v 


"OH 


High-level output current 


-4 


mA 


lOL 


Low-level output current 


8 


mA 


T A 


Operating free-air temperature 


0 


7Q 


°C 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


VOH 


Vcc = 4 - 5 V, lOH = -4 mA 


2.4 


V 


vol 


Vcc = 4.5 V, l0L = 8mA 


0.5 


V 


ii 


Vcc = 5.5 V, V| = Vccor0 


±50 


HA 


ioz 


Vcc - 5.5 V, V O = V C Cor0 


±50 


MA 


'cc 


Vcc - 5.5 V, lo = 0mA, V| = VccorGND 


Outputs high 


60 


mA 


Outputs low 


130 


Outputs disabled 


60 


Cj 


V| - 0, f = 1 MHz 


4 


pF 


C 0 


Vq = 0, f = 1 MHz 


8 


PF 



$ All typical values are at Vcc - 5 V, Ta = 25°C. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 13) 





'ABT3611-15 


ABT3611-20 


ABT3611-30 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


fclock C,0CK frequency, CLKA or CLKB 


66.7 


50 


33.4 


MHz 


t c Clock cycle time, CLKA or CLKB 


15 


20 


30 


MHz 


t W (CLKH) Pulse duration, CLKA and CLKB high 


6 


8 


12 


ns 


t W (CLKL) Pulse duration, CLKA and CLKB low 


6 


8 


12 


ns 


tsu(D) Setup time > A0-A35 before CLKAT and B0-B35 before CLKBt 


4 


5 


6 


ns 


. Setup time, CSA, W/RA before CLKAt; CSB, W/RB, 
tsu(EN1) before CLKBt 


6 


6 


7 


ns 


tsu(EN2) Setup time, ENA before CLKAt; ENB before CLKBt 


4 


5 


6 


ns 


*su(EN3) Setup time, MBA before CLKAt; ENB before CLKBt 


4 


5 


6 


ns 


tsu(PG) Setu P time, ODD/EVEN and PGB before CLKBtT 


4 


5 


6 


ns 


tsu(RS) Setup time, RST low before CLKAt or CLKBt* 


5 


6 


7 


ns 


tsu(FS) Setup time, FSO and FS1 before RST high 


5 


6 


7 


ns 


th(D) Hold time, A0-A35 after CLKAt and B0-B35 after CLKBt 


1 


1 


1 


ns 


th(EN1 ) Hold time, CSA, W/RA after CLKAt; CSB, W/RB after CLKBt 


1 


1 


1 


ns 


tu/rMo\ Hnlri timp FNA after HI KAT- FMR aftor CA KRT 


■j 


■j 






th(EN3) Hold time, MBA after CLKAt; MBB after CLKBt 


1 


1 


1 


ns 


th(PG) Hold time, ODD/EVEN and PGB after CLKBTt 


0 


0 


0 


ns 


th(RS) Hold time, RST low after CLKAt or CLKBt* 


6 


6 


7 


ns 


th(FS) Hold time, FSO and FS1 after RST high 


4 


4 


4 


ns 


5 Skew time between CLKAt and CLKBt for EFA, EFB, 
tsk1 FFA, and FFB 


8 


8 


10 


ns 


c Skew time between CLKAt and CLKBt for AEA, AEB, 
tsk2 AFA, and AFB 


9 


16 


20 


ns 



t Only applies for a rising edge of CLKB that does a FIFO read 

$ Requirement to count the clock edge as one of at least four needed to reset a Fl FO 

§ Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between CLKA cycle and 
CLKB cycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C L = 30 pF (see Figures 1 through 13) 



PARAMETER 


ABT3611-15 


'ABT3611-20 


'ABT3611-30 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


ta 


Access time, CLKBt to B0-B35 


2 


10 


2 


12 


2 


15 


ns 


tpd(C-FF) 


Propagation delay time, CLKAt to FF 


2 


10 


2 


12 


2 


15 


ns 


tpd(C-EF) 


Propagation delay time, CLKBt to EF 


2 


10 


2 


12 


2 


15 


ns 


tpd(C-AE) 


Propagation delay time, CLKBT to AE 


2 


10 


2 


12 


2 


15 


ns 


tpd(C-AF) 


Propagation delay time, CLKAt to AF 


2 


10 


2 


12 


2 


15 


ns 


tpd(C-MF) 


propagation aeiay Time, oliva i 10 ivicjr i low or ware, nign ana 
CLKBt to MBF2 low or MBF1 high 


1 


9 


1 


12 


1 


15 


ns 


tpd(C-MR) 


Propagation delay time, CLKAt to B0-B35t and CLKBt to 


3 


12 


3 


14 


3 


16 


ns 


tpd(M-DV) 


Propagation delay time, MBB to B0-B35 valid 


1 


11 


1 


11.5 


1 


12 


ns 


tpd(D-PE) 


Propagation delay time, A0-A35 valid to PEFA valid; B0-B35 
valid to PEFB valid 


3 


12 


3 


13 


3 


14 


ns 


tpd(O-PE) 


Propagation delay time, ODD/EVEN to PEFA and PEFB 


3 


11 


3 


12 


3 


14 


ns 


tr^/fk DD\§ 

l pa^-rD;*' 


Propagation delay time, ODD/EVEN to parity bits (A8, A17, A26, 
A35) and (B8, B1 7, B26, B35) 


2 


12 


2 


13 


2 


15 


ns 


tpd(E-PE) 


Propagation delay time, CSA, ENA, W/RA, MBA, or PGA to 
PEFA; CSB, ENB, W/RB, MBB, or PGB to PEFB 


1 


12 


1 


13 


1 


15 


ns 


tpd(E-PB) § 


Propagation delay time, CSA, ENA, W/RA, MBA, or PGA to 
parity bits (A8, A17, A26, A35); CSB, ENB, W/RB, MBB, or PGB 
to parity bits (B8, B1 7, B26, B35) 


3 


14 


3 


15 


3 


16 


ns 


tpd(R-F) 


Propagation delay time, RST to AE low and (AF, MBF1 , MBF2) 
high 


1 


15 


1 


20 


1 


30 


ns 


*en 


Enable time, CSA and W/RA low to A0-A35 active and CSB low 
and W/RB high to BO- B35 active 


2 


10 


2 


12 


2 


14 


ns 


*dis 


Disable time, CSA or W/RA high to A0-A35 at high impedance 
and CSB high or W/RB low to B0-B35 at high impedance 


1 


9 


1 


10 


1 


11 


ns 



t Writing data to the main register when the B0-B35 outputs are active and MBB is high. 
$ Writing data to the mail2 register when the A0-A35 outputs are active and MBA is high. 
§ Only applies when reading data from a mail register 
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TYPICAL CHARACTERISTICS 

SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 



E 



c 

E 

O 



O 

o 



f clock - Clock Frequency - MHz 
Figure 14 

calculating power dissipation 

The lcc(f) data * or tne graph was taken while simultaneously reading and writing the FIFO on the SN74ACT361 1 
with CLKA and CLKB operating at frequency f C iock- AH data inputs and data outputs change state during each 
clock cycle to consume the highest supply current/ Data outputs were disconnected to normalize the graph to 
a zero-capacitance load. Once the capacitive load per data-output channel is known, the power dissipation can 
be calculated with the equation below. 

With lcc(f) taken from Figure 1 4, the maximum power dissipation (Pj) of the SN74ABT361 1 can be calculated 
by: 

PT = V C C x lcC(f) + S(C L x (V 0 H - V 0 L> 2 * W 
where: 

Ci_ = output capacitive load 
f 0 = switching frequency of an output 
v OH = high-level output voltage 
Vql = low-level output voltage 

When no reads or writes are occurring on the SN74ABT361 1 , the power dissipated by a single clock (CLKA or 
CLKB) input running at frequency f C | 0C k is calculated by: 

Pt = V C c x f C iock x 0-29 mA/MHz 
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PARAMETER MEASUREMENT INFORMATION 

5V 



From Output 
Under Test 



680 Q 



1.1 kQ 



30 pF 

(see Note A) 



LOAD CIRCUIT 



Timing 
Input 



tsuH«- 



Data, 
Enable 
Input 



3^1 .5 V 



3V 



GND 



jfrsv ^15V 



• - 3V 



GND 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



High-Level 
Input 



Low-Level 
Input 




VOLTAGE WAVEFORMS 
PULSE DURATIONS 



Output 
Enable 



Low-Level 
Output 



High-Level 
Output 




VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 



Input ^1.5 V N^1.i 
tpdH* — H 



5 V 



3V 
GND 



In-Phase 
Output 



l« N-tp d 

I/ V OH 

#1.5V \1.5V 



vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



NOTE A: Includes probe and jig capacitance 

Figure 15. Load Circuit and Voltage Waveforms 
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Free-Running CLKA and CLKB Can Be 
Asynchronous or Coincident 

Two Independent 64 x 36 Clocked FIFOs 
Buffering Data in Opposite Directions 
Mailbox-Bypass Register for Each FIFO 

Programmable Almost-Full and 
Almost-Empty Flags 

Microprocessor Interface Control Logic 
EFA, FFA, AEA, and AFA Flags 
Synchronized by CLKA 



• EFB, FFB, AEB, and AFB Flags 
Synchronized by CLKB 

• Passive Parity Checking on Each Port 

• Parity Generation Can Be Selected for Each 
Port 

• Low-Power Advanced BiCMOS Technology 

• Supports Clock Frequencies up to 67 MHz 

• Fast Access Times of 10 ns 

• Package Options Include Space-Saving 
120-Pin Thin Quad Flat (PCB) and 132-Pin 
Plastic Quad Flat (PQ) Packages 



description 



The SN74ABT3612 is a high-speed, low-power BiCMOS bidirectional clocked FIFO memory. It supports clock 
frequencies up to 67 MHz and has read access times as fast as 1 0 ns. Two independent 64 x 36 dual-port SRAM 
FIFOs in this device buffer data in opposite directions. Each FIFO has flags to indicate empty and full conditions 
and two programmable flags (almost-full and almost-empty) to indicate when a selected number of words is 
stored in memory. Communication between each port can bypass the FIFOs via two 36-bit mailbox registers. 
Each mailbox register has a flag to signal when new mail has been stored. Parity is checked passively on each 
port and may be ignored if not desired. Parity generation can be selected for data read from each port. Two or 
more devices can be used in parallel to create wider datapaths. 

The SN74ABT3612 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a port clock by enable signals. The clocks for 
each port are independent of one another and can be asynchronous or coincident. The enables for each port 
are arranged to provide a simple bidirectional interface between microprocessors and/or buses with 
synchronous control. 

The full flag (FFA, FFB) and almost-full (AFA, AFB) fl ag of a FIFO are two-stag e syn c hroni zed to the port clock 
that writes data to its array. The empty flag (EFA, EFB) and almost-empty (AEA, AEB) flag of a FIFO are 
two-stage synchronized to the port clock that reads data from its array. 

The SN74ABT361 2 is characterized for operation from 0°C to 70°C. 

For more information on this device family, see the application reports FIFO Mailbox-Bypass Registers: Using 
Bypass Registers to Initialize DMA Control, and Parity-Generate and Parity-Check Features for 
High-Bandwidth-Computing FIFO Applications in the 1996 High-Performance FIFO Memories Designer's 
Handbook, literature number SCAA01 2A. 
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PCB PACKAGE 
(TOP VIEW) 



A23 
A22 
A21 
GND 
A20 
A19 
A18 
A17 
A16 
A15 
A14 
A13 
A12 
A11 
A10 
GND 
A9 
A8 
A7 

Vcc 

A6 
A5 
A4 
A3 
GND 
A2 
A1 
AO 
EFA 
AEA 



C 1 1 

C 2 

C 3 

C 4 

C 5 

C 6 

C 7 

C 8 

C 9 

C 10 

C 11 

C 12 

qi3 

14 



n n 



CD ON- CO a> 



3 3 S^ 02 ^ 



cococoZcowconwrtZcMCMw qcnjcncmcni 

<< < O QQ CO CD CG DQOQQCQCD>£DCQ£Dm 



O t- CM ( 
CO CO CO c 

< < < « 

nnnnnnnnnnnnnnnnnnnnnnnnnnnn 



>o>d>o)a)o>d>o>o>o> 



JUUUUUUUUUl""" 1 " 



B22 

B21 

GND 

B20 

B19 

B18 

B17 

B16 

B15 

B14 

B13 

B12 

B11 

B10 

GND 

B9 

B8 

B7 

V C C 

B6 

B5 

B4 

B3 

GND 

B2 

B1 

BO 

EFB 

AEB 

AFB 



'<<>>< 



o<|< 
-pep 



CM < ■ 

feme 




LLJ 
Q 
Q 
O 



NC - No internal connection 



13-30 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN74ABT3612 

64 x 36 x 2 

CLOCKED BIDIRECTIONAL FIRST-IN FIRST-OUT MEMORY 



SCBS129F- JULY 1992- REVISED FEBRUARY 1996 



PQ PACKAGEt 
(TOP VIEW) 



OO LU 
> Q- IQ. 



Z CO CD 

(DCS 5 



CO CO g 
LL Li- O 



O CD 

locozzzzs 



LL Q 
CD Z 
SO 



CD _ DO CO _ 

LL CO oia: ^ CD 

LU O Q§ -J Z 

CL Q_> > O LU 



Bee 



nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn /Q 

17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 132 130 128 126 124 122 120 118 ^ 

Q 131 129 127 



GND 
AEA 
EFA 
AO 
A1 
A2 
GND 
A3 
A4 
A5 
A6 

V C C 
A7 
A8 
A9 
GND 
A10 
A11 

V C C 
A12 
A13 
A14 

GND 
A15 
A16 
A17 
A18 
A19 
A20 

GND 
A21 
A22 
A23 



124 122 120 
125 123 121 



118 
119 117 

116 

115 

114 

113 

112 

111 

110 

109 

108 

107 

106 

105 

104 

103 

102 

101 

100 

99 

98 

97 

96 

95 

94 

93 

92 

91 

90 

89 

88 

87 

86 

85 

84 



<J 



51 52 

TJTJ 
£2 



53 54 55 56 

irmnj 

lfl(OQN 

8! 8! §2 



GND 
AEB 
EFB 
B0 
B1 
B2 
GND 
B3 
B4 
B5 
B6 

V CC 

B7 

B8 

B9 

GND 

B10 

B11 

Vcc 

B12 

B13 

B14 

GND 

B15 

B16 

B17 

B18 

B19 

B20 

GND 

B21 

B22 

B23 



57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 V. 

UUUUUUUUUUU-UUUUUUUUUUUUUUUU \P 

CM CM OCOCOCO^COCOCO^COCOCO^COCOCO Q CM CM CM 
<<> <<<g<<<^COCOCO^COCOCO>COCOCO 



OO) 00 S Q CD 
O CM CM CM ^ CM 
«cr m m m ^- m 



(3 ' 



LO «3- O 
CM CM Q 
CO CD 



NC - No internal connection 

t Uses Yamaichi socket IC51 -1324-828 
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functional block diagram 



CLKA 
CSA 

W/RA 
ENA 
MBA 



RST 






Device 


ODD/ 


Control 


EVEN 






FFA 
AFA 



FSO 
FS1 

A0-A35 4 ► 



B0-B35 



MBF2 
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Terminal Functions 



PIN NAME 


I/O 


DESCRIPTION 


A0-A35 


I/O 


Port-A data. The 36-bit bidirectional data port for side A. 


AEA 


0 

(port A) 


Port-A almost-empty flag. Programmable flag synchronized to CLKA. AEA is low when the number of words in FIF02 
is less than or equal to the value in offset register X. 


AEB 


0 

(port B) 


Port-B almost-empty flag. Programmable flag synchronized to CLKB. AEB is low when the number of words in FIF01 
is less than or equal to the value in offset register X. 


AFA 


0 

(port A) 


Port-A almost-full flag. Programmable flag synchronized to CLKA. AFA is low when the number of empty locations in 
FIF01 is less than or equal to the value in offset register X. 


AFB 


0 

(port B) 


Port-B almost-full flag. Programmable flag synchronized to CLKB. AFB is low when the number of empty locations in 
FIF02 is less than or equal to the value in offset register X. 


B0-B35 


I/O 


Port-B data. The 36-bit bidirectional data port for side B. 


CLKA 


I 


Port-A clock. CLKA is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to CLKB. EFA, FFA, AFA, and AEA are synchronized to the low-to-high transition of CLKA. 


CLKB 


I 


Port-B clock. CLKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
or coincident to CLKA. EFB, FFB, AFB, and AEB are synchronized to the low-to-high transition of CLKB. 


CSA 


I 


Port-A chip select. CSA must be low to enable a low-to-high transition of CLKA to read or write data on port A. The 
A0-A35 outputs are in the high-impedance state when CSA is high. 


CSB 


I 


ron-D cnip select, ood must De low lo enaDie a low-io-mgri uansiiiun ot oi_r\D 10 icau or wrue ucua on uon d. i ne 
B0-B35 outputs are in the high-impedance state when CSB is high. 


EFA 


0 

(port A) 


Port-A empty flag. EFA is synchronized to the low-to-high transition of CLKA. When EFA is low, FIF02 is empty and 
reads from its memory are disabled. Data can be read from FIF02 to the output register when EFA is high. EFA is forced 
low when the device is reset and is set high by the second low-to-high transition of CLKA after data is loaded into empty 
FIF02 memory. 


EFB 


0 

(port B) 


Port-B empty flag. EFB is synchronized to the low-to-high transition of CLKB. When EFB is low, FIF01 is empty and 
reads from its memory are disabled. Data can be read from FIF01 to the output register when EFB is high. EFB is forced 
low when the device is reset and is set high by the second low-to-high transition of CLKB after data is loaded into empty 
FIF01 memory. 


ENA 


I 


Port-A enable. ENA must be high to enable a low-to-high transition of CLKA to read or write data on port A. 


ENB 


I 


Port-B enable. ENB must be high to enable a low-to-high transition of CLKB to read or write data on port B. 


FFA 


o 

(port A) 


Port-A full flag. FFA is synchronized to the low-to-high transition of CLKA. When FFA is low, FIF01 is full and writes to 
its memory are disabled. FFA is forced low when the device is reset and is set high by the second low-to-high transition 
of CLKA after reset. 


FFB 


0 

(port B) 


Port-B full flag. FFB is synchronized to the low-to-high transition of CLKB. When FFB is low, FIF02 is full and writes to 
its memory are disabled. FFB is forced low when the device is reset and is set high by the second low-to-high transition 
of CLKB after reset. 


FS1.FS0 


I 


Flag-offset selects. The low-to-high transition of RSf latches the values of FSO and FS 1 , which selects one of four preset 
values for the almost-empty flag and almost-full flag offset. 


MBA 


I 


Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A read or write operation. When the 
AO- A35 outputs are active, a high level on MBA selects data from the mail2 register for output and a low level selects 
FIF02 output register data for output. 


MBB 


I 


Port-B mailbox select. A high level on MBB chooses a mailbox register for a port-B read or write operation. When the 
B0-B35 outputs are active, a high level on MBB selects data from the mailt register for output and a low level selects 
FIF01 output register data for output. 


MBFT 


0 


MaiM register flag. MBFT is set low by the low-to-high transition of CLKA that writes data to the maih register. Writes 
to the maih register are inhibited while MBF1 is low. MBF1 is set high by a low-to-high transition of CLKB when a port-B 
read is selected and MBB is high. MBFT is set high when the device is reset. 
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Terminal Functions (Continued) 



PIN NAME 


I/O 


DESCRIPTION 


MBF2 


0 


Mail2 register flag. MBF2 is set low by the low-to-high transition of CLKB that writes data to the mail2 register. Writes 
to the mail2 register are inhibited while MBF2 is low. MBF2 is set high by a low-to-high transition of CLKA when a port-A 

icdu to ooiouicsu diiu iviDM lo niyri. iviDr^ is o6i myn wnen in© uoviu© is r©st?i. 


ODD/ 
EVEN 


I 


Odd/even parity select. Odd parity is checked on each port when ODD/EVEN is high and even parity is checked when 
ODD/EVEN is low. ODD/EVEN also selects the type of parity generated for each port if parity generation is enabled 
for a read operation. 


PEFA 


0 

(port A) 


Port-A parity error flag. When any byte applied to A0-A35 fails parity, PEFA is low. Bytes are organized as A0-A8, 
A9- A1 7, A1 8- A26, and A27- A35, with the most significant bit of each byte serving as the parity bit. The type of parity 
checked is determined by the state of ODD/EVEN. 

The parity trees used to check the AO- A35 inputs are shared by the mail2 register to generate parity if parity generation 
is selected by PGA. Therefore, if a mail2 read with parity generation is set up by having W/RA low, MBA high, and PGA 
high, PEFA is forced high regardless of the state of the AO— A35 inputs. 


PEFB 


o 

(port B) 


Port-B parity error flag. When any byte applied to terminals B0-B35 fails parity, PEFB is low. Bytes are organized as 
B0-B8, B9-B17, B18-B26, and B27-B35, with the most significant bit of each byte serving as the parity bit. The 

type \jt yjamy viicv/rvcu io uciciiiinicu uy uic oiaic \Ji w \-J vji l_ v d i n . 

The parity trees used to check the BO - B35 inputs are shared by the maih register to generate parity if parity generation 
is selected by PGB. Therefore, if a maih read with parity generation is set up by having W/RB low, MBB high, and PGB 
high, PEFB is forced high regardless of the state of the B0-B35 inputs. 


PGA 




Port-A parity generation. Parity is generated for data reads from port A when PGA is high. The type of parity generated 
is selected by the state of ODD/EVEN. Bytes are organized as A0-A8, A9-A17, A18-A26, and A27-A35. The 
generated parity bits are output in the most significant bit of each byte. 


PGB 




Port-B parity generation. Parity is generated for data reads from port B when PGB is high. The type of parity generated 
is selected by the state of ODD/EVEN. Bytes are organized as B0-B8, B9-B17, B18-B26, and B27-B35. The 
generated parity bits are output in the most significant bit of each byte. 


RST 




Reset. To reset the device, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur 
while RST is low. This sets AFA, AFB, MBFT, and MBF2 high and EFA, EFB, AEA, AEB, FFA, and FFB low. The 
low-to-high transition of RST latches the status of FS1 and FSO to select almost-full flag and almost-empty flag offset. 


W/RA 




Port-A write/read select. W/RA high selects a write operation and a low selects a read operation on port A for a 
low-to-high transition of CLKA. The A0-A35 outputs are in the high-impedance state when W/RA is high. 


W/RB 




Port-B write/read select. W/RB high selects a write operation and a low selects a read operation on port B for a 
low-to-high transition of CLKB. The B0-B35 outputs are in the high-impedance state when W/RB is high. 



detailed description 
reset 

The SN74ABT3612 is reset by taking the res et (R ST) input low for at least four port-A clock (CLKA) and four 
port-B clock (CLKB) low-to-high transitions. RST can switch asynchronously to t he clocks. A device reset 
initiali zes the int ernal read and write pointers of each FI FO and forces the full flags (F FA, FFB) lo w, the empty 
flags (EFA, EFB) low, the alm ost-empty flag s (AEA, AEB) low, and the almost-full flags (AFA, AFB) high. A reset 
also forces the mailbox flags (MBF1 , MBF2) high. After a reset, FFA is set high after two low-to-high transitions 
of CLKA and FFB is set high after two low-to-high transitions of CLKB. The device must be reset after power 
up before data is written to its memory. 

A low-to-high transition on RST loads the almost-full and almost-empty offset register (X) with the value selected 
by the flag-select (FSO, FS1) inputs. The values that can be loaded into the register are shown in Table 1 . 
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reset (continued) 



Table 1. Flag Programming 



FS1 


FSO 


RST 


ALMOST-FULL AND 
ALMOST-EMPTY FLAG 
OFFSET REGISTER (X) 


H 


H 


t 


16 


H 


L 


T 


12 


L 


H 


t 


8 


L 


L 


T 


4 



FIFO write/read operation 

The state of the portrA data (A0-A35) outputs is controlled by the port-A chip select (CSA ) and the p_ort-A 
write/read select (W/RA). The A0-A35 outputs a re in the highnmpedance state when either CSA or W/RA is 
high. The A0-A35 outputs are active when both CSA an d W/R A are lowJData is loaded into FIF01 from the 
A0 -A35 inputs on a low-to-high transition of CLKA when CSA is low, W/RA is high, ENA is high, MBA i s low, 
and FFA ishigh. Data is read from FIF02 to the AQ -A35 outputs by a low-to-high transition of CLKA when CSA 
is low, W/RA is low, ENA is high, MBA is low, and EFA is high (see Table 2). 



Table 2. Port-A Enable Function Table 



CSA 


W/RA 


ENA 


MBA 


CLKA 


A0-A35 OUTPUTS 


PORT FUNCTION 


H 


X 


X 


X 


X 


In high-impedance state 


None 


L 


H 


L 


X 


X 


In high-impedance state 


None 


L 


H 


H 


L 


T 


In high-impedance state 


FIF01 write 


L 


H 


H 


H 


T 


In high-impedance state 


MaiH write 


L 


L 


L 


L 


X 


Active, FIF02 output register 


None 


L 


L 


H 


L 


T 


Active, FIF02 output register 


FIF02 read 


L 


L 


L 


H 


X 


Active, mail2 register 


None 


L 


L 


H 


H 


T 


Active, mai!2 register 


Mail2read (set MBF2 high) 



The port-B control signals are identi cal to those of port A. The state of the port-B data (B0-B35) outputs is 
controlled by the port-B chip select (CS B) an d the port-B write/read select (W/RB). The B0-B35 output s are 
in the high-impedance state when either CSB or W/RB is high. The B0-B35 outputs are active when both CSB 
and W/RB are low. 

Data is loaded into FIF02 from the B0-B35 inputs on a low-to-high transition of CLKB when CSB is low, W/RB 
is high, ENB is high, MBB is low, a nd F FB is higl^Data is read from FIF01 to the B0- B35 o utputs by a 
low-to-high transition of CLKB when CSB is low, W/RB is low, ENB is high, MBB is high, and EFB is high (see 
Table 3). 

The setup- _and hojd-time constraints to the port clocks for the port-chip selects (CSA, CSB) and write/read 
selects (W/RA, W/RB) are only for enabling write and read operations and are not related to high-impedance 
control of the data outputs. If a port enable is low during a clock cycle, the port-chip select and write/read select 
can change states during the setup- and hold-time window of the cycle. 
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FIFO write/read operation (continued) 



Table 3. Port-B Enable Function Table 



CSB 


W/RB 


ENB 


MBB 


CLKB 


B0-B35 OUTPUTS 


PORT FUNCTION 


H 


X 


X 


X 


X 


In high-impedance state 


None 


L 


H 


L 


X 


X 


In high-impedance state 


None 


L 


H 


H 


L 


T 


In high-impedance state 


FIF02 write 


L 


H 


H 


H 


T 


In high-impedance state 


Mail2 write 


L 


L 


L 


L 


X 


Active, FIF01 output register 


None 


L 


L 


H 


L 


T 


Active, FIF01 output register 


FIF01 read 


L 


L 


L 


H 


X 


Active, maih register 


None 


L 


L 


H 


H 


T 


Active, maih register 


Main read (set MBR high) 



synchronized FIFO flags 

Each FIFO flag is synchronized to its port clockthrough two flip-flop stages. This is done to improve flag reliability 
by reducing the probability of metastable events on the output when CLKA and CLKB operate asynchronously 
to one another (see the application report Metastability Performance of Clocked F I FOs in t he 1 996 
High-Performance FIFO Memories Data Book, litera ture number SCAD003C). EFA, AEA, FFA, and AFA are 
synchronized to CLKA. EFB, AEB, FFB, and AFB are synchronized to CLKB. Tables 4 and 5 show the 
relationship of each port flag to FIF01 and FIF02. 



Table 4. FIF01 Flag Operation 



NUMBER OF WORDS 
IN FIFOlt 


SYNCHRONIZED 
TO CLKB 


SYNCHRONIZED 
TO CLKA 


EFB 


AEB 


AFA 


FFA 


0 


L 


L 


H 


H 


1 toX 


H 


L 


H 


H 


(X +1)to[64-(X+1)] 


H 


H 


H 


H 


(64 - X) to 63 


H 


H 


L 


H 


64 


H 


H 


L 


L 



t X is the value in the almost-empty flag and almost-full flag offset register. 



Table 5. FIF02 Flag Operation 



NUMBER OF WORDS 
IN FIF02t 


SYNCHRONIZED 
TO CLKA 


SYNCHRONIZED 
TO CLKB 


EFA 


AEA 


AFB 


FFB 


0 


L 


L 


H 


H 


1 toX 


H 


L 


H 


H 


(X +1)to [64-(X+1)] 


H 


H 


H 


H 


(64 -X) to 63 


H 


H 


L 


H 


64 


H 


H 


L 


L 



t X is the value in the almost-empty flag and almost-full flag offset register. 
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empty flags (EFA, EFB) 

The empty flags of a FIFO is synchronized to the port clock that reads data from its array. When the empty flag 
is high, new data can be read to the FIFO output register. When the empty flag is low, the FIFO is empty and 
attempted FIFO reads are ignored. 

The read pointer of a FIFO is incremented each time a new word is clocked to the output register. The state 
machine that controls an empty flag monitors a write-pointer and read-pointer comparator that indicates when 
the FIFO SRAM status is empty, empty+1 , or empty+2. A word written to a FIFO can be read to the FIFO output 
register in a minimum of three cycles of the empty flag synchronizing clock; therefore, an empty flag is low if 
a word in memory is the next data to be sent to the FIFO output register and two cycles of the port clock that 
reads data from the FIFO have not elapsed since the time the word was written. The empty flag of the FIFO is 
set high by the second low-to-high transition of the synchronizing clock and the new data word can be read to 
the FIFO output register in the following cycle. 

A low-to-high transition on an empty flag synchronizing clock begins the first synchronization cycle of a write 
if the clock transition occurs at time t^ , or greater, after the write. Otherwise, the subsequent clock cycle can 
be the first synchronization cycle (see Figures 6 and 7). 

full flags (FFA, FFB) 

The full flag of a FIFO is synchronized to the port clock that writes data to its array. When the full flag is high, 
a memory location is free in the SRAM to receive new data. No memory locations are free when the full flag is 
low and attempted writes to the FIFO are ignored. 

Each time a word is written to a FIFO, the write pointer is incremented. The state machine that controls the full 
flag monitors a write-pointer and read-pointer comparator that indicates when the FIFO SRAM status is full, 
full — 1 , or full— 2. From the time a word is read from a FIFO, the previous memory location is ready to be written 
in a minimum of three cycles of the full flag synchronizing clock; therefore, a full flag is low if less than two cycles 
of the full-flag synchronizing clock have elapsed since the next memory write location has been read. The 
second low-to-high transition on the full-flag synchronizing clock after the read sets the full flag high and data 
can be written in the following clock cycle. 

A low-to-high transition on a full-flag synchronizing clock begins the first synchronization cycle of a read if the 
clock transition occurs at time t s ^i , or greater, after the read. Otherwise, the subsequent clock cycle can be the 
first synchronization cycle (see Figures 8 and 9). 

almost-empty flags (AEA, AEB) 

The almost-empty flag of a FIFO is synchronized to the port clock that reads data from its array. The state 
machine that controls an almost-empty flag monitors a write-pointer and read-pointer comparator that indicates 
when the FIFO SRAM status is almost empty, almost empty+1 , or almost empty+2. The almost-empty state is 
defined by the value of the almost-full and almost-empty offset register (X). This register is loaded with one of 
four preset values during a device reset (see reset). An almost-empty flag is low when the FIFO contains X or 
less words in memory and is high when the FIFO contains (X + 1) or more words. 

Two low-to-high transitions of the almost-empty flag synchronizing clock are required after a FIFO write for the 
almost-empty flag to reflect the new level of fill; therefore, the almost-empty flag of a FIFO containing (X + 1) 
or more words remains low if two cycles of the synchronizing clock have not elapsed since the write that filled 
the memory to the (X + 1) level. An almost-empty flag is set high by the second low-to-high transition of the 
synchronizing clock after the FIFO write that fills memory to the (X + 1) level. A low-to-high transition of an 
almost-empty flag synchronizing clock begins the first synchronization cycle if it occurs at time t S |<2, or greater, 
after the write that fills the FIFO to (X + 1 ) words. Otherwise, the subsequent synchronizing clock cycle can be 
the first synchronization cycle (see Figures 11 and 12). 
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almost-full flags (AFA, "AFB) 

The almost-full flag of a FIFO is synchronized to the port clock that writes data to its array. The state machine 
that controls an almost-full flag monitors a write-pointer and read-pointer comparator that indicates when the 
FIFO SRAM status is almost full, almost full— 1 , or almost full— 2. The almost-full state is defined by the value of 
the almost-full and almost-empty offset register (X). This register is loaded with one of four preset values during 
a device reset (see reset). An almost-full flag is low when the FIFO contains (64 - X) or more words in memory 
and is high when the FIFO contains [64 - (X + 1)] or less words. 

Two low-to-high transitions of the almost-full flag synchronizing clock are required after a FIFO read for the 
almost-full flag to reflect the new level of fill; therefore, the almost-full flag of a FIFO containing [64 - (X + 1)] 
or less words remains low if two cycles of the synchronizing clock have not elapsed since the read that reduced 
the number of words in memory to [64 - (X + 1)]. An almost-full flag is set high by the second low-to-high 
transition of the synchronizing clock after the FIFO read that reduces the number of words in memory to 
[64 - (X + 1 )]. A low-to-high transition of an almost-full flag synchronizing clock begins the first synchronization 
cycle if it occurs at time t s |<2, or greater, after the read that reduces the number of words in memory to 
[64 - (X + 1 )]. Otherwise, the subsequent synchronizing clock cycle can be the first synchronization cycle (see 
Figures 13 and 14). 

mailbox registers 

Each FIFO has a 36-bit bypass register to pass command and control information between port A and port B 
without putting it in queue. The mailbox-select (MBA, MBB) inputs choose between a mail register and a FIFO 
for a port-data-transfer operation. A low -to-high transition on CLKA writes A0-A35 data to the main register 
when a port-A write is selected by CSA, W/RA, and ENA and MBA is high. A low -to-high transition on CLKB 
writes BQ-B35 data to the mai!2 register when a port-B write is s elected b y CSB, W/RB, and ENB and MBB 
is high. Writing data to a mail register sets the corresponding flag (MBF1 or MBF2) low. Attempted writes to a 
mail register are ignored while the mail flag is low. 

When a port's data outputs are active, the data on the bus comes from the FIFO output register when the port 
mail box-se lect input (MBA, MBB) is low and from the mail register when MBA/MBB is high. The m aih register 
flag (MBF1 ) is set high by a low-to-high transiti on on C LKB when a port-B read is selected by CSB, W/RB, and 
ENB and MBB is high. Th e mai !2 register flag (MBF2) is set high by a low-to-high transition on CLKA when a 
port-A read is selected by CSA, W/RA, and ENA and MBA is high. The data in a mail register remains intact 
after it is read and changes only when new data is written to the register. 

parity checking 

The port-A inputs (A0-A35) and port-B inputs (B0-B35) each have four parity trees to check the parity of 
incoming (or outgoing) d ata. A parity fa ilure on one or more bytes of the input bus is reported by a low level on 
the port-parity-error flag (PEFA, PEFB). Odd- or even-parity checking can be selected and the parity-error flags 
can be ignored if this feature is not desired. 

Parity status is checked on each input bus according to the level of the odd/even parity (ODD/ EVEN ) select 
input. A parity error on one or more bytes of a port is reported by a low level on the corresponding PEFA, PEFB. 
Port-A bytes are arranged as A0-A8, A9-A17, A18-A26, and A27-A35, with the most significant bit of each 
byte used as the parity bit. Port-B bytes are arranged as B0-B8, B9-B17, B18-B26, and B27-B35, w ith the 
most significant bit of each byte used as the parity bit. When odd/even parity is selected, PEFA, PEFB is low 
if any byte on the port has an odd/even number of low levels applied to the bits. 

The four parity trees used to check the A0-A35 inputs are shared by the mail2 register when parity generation 
is selected for port-A re ads (P GA = high). When a port-A read from t he mai !2 register with parity generation is 
selected with W/RA low, CSA low, ENA high, MBA high, and PGA high, PEFA is held high regardless of the levels 
applied to the A0-A35 inputs. Likewise, the parity trees used to check the B0-B35 inputs are shared by the 
maih register when parity generation is selected for port-B rea ds (P GB = high). When a port-B read from the 
maih register with parity generation is selected with W/RB low, CSB low, ENB high, MBB high, and PGB high, 
PEFB is held high regardless of the levels applied to the B0-B35 inputs. 
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parity generation 

A high level on the port-A parity-generate select (PGA) or port-B parity-generate select (PGB) enables the 
SN74ABT361 2 to generate parity bits for port reads from a FIFO or mailbox register. Port-A bytes are arranged 
as A0-A8, A9-A1 7, A1 8- A26, and A27- A35, with the most significant bit of each byte used as the parity bit. 
Port-B bytes are arranged as B0-B8, B9-B17, B18-B26, and B27-B35, with the most significant bit of each 
byte used as the parity bit. A write to a FIFO or mail register stores the levels applied to all 36 inputs regardless 
of the state of the parity-generate select (PGA, PGB) inputs. When data is read from a port with parity generation 
selec ted, th e lower eight bits of each byte are used to generate a parity bit according to the level on the 
ODD/EVEN select. The generated parity bits are substituted for the levels originally written to the most 
significant bits of each byte as the word is read to the data outputs. 

Parity bits for FIFO data are generated after the data is read from SRAM and before the data is writte n to the 
output register. Therefore, the port-A parity generate select (PGA) and odd/even parity select (ODD/EVEN) 
have setu p- and hold-time constraints to the port-A clock (CLKA) and the port-B parity generate select (PGB) 
and ODD/EVEN have setup- and hold-time constraints to the port-B clock (CLKB). These timing constraints only 
apply for a rising clock edge used to read a new word to the FIFO output register. 

The circuit used to generate parity for the main data is shared by the port-B bus (B0-B35) to check parity and 
the circuit used to generate parity for the mail2 data is shared by the port-A bus (A0-A35) to check parity. The 
shared parity trees of a po rt are used to generate parity bits for the data in a mail register when W/RA, W/RB 
is low; MBA, MBB is high; CSA, CSB is low; ENA, ENB is high; and PGA, PGB is high. Generating parity for 
mail-register data does not change the contents of the register. 
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Figure 1. Device Reset Loading the X Register With the Value of Eight 
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Figure 2. Port-A Write-Cycle Timing for FIF01 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 1 3-4 1 



SN74ABT3612 

64 x 36 x 2 

CLOCKED BIDIRECTIONAL FIRST-IN FIRST-OUT MEMORY 



SCBS129F - JULY 1 992 - REVISED FEBRUARY 1996 



CLKB y 



j«- MdKH) t w (CLKL) ~*j 



FFB High 



CSB 



*su(EN1) j« *h(EN1) 

\ ! tf&s 



tsu(EN1) |« *t°] th(EN1) 



w/rb W///////ZZ? — x^r 

tsu(EN3) |« -*r**| *h(EN3) 

MBB ' — 



V 



y 



sssssssssx- 



ENB ///////////77 
«su(D) I* 



t S u(EN2)|« >Hth ( EN2) t su(EN2) j< =t| j*-'h(EN2) tsu(ENg) |«_ zj F 'h(EN2) 



Y+J th(D) 



vsssssssss\ )?/////////< 



bo-b35 *xxxxxxxxx>^ ^ ixxxm 



i 



ODD/ 
EVEN 



tpd(D-PE) H J tpd(D-PE) 

pepb XXXXXXXXXXXXXW^ 

t Written to FIF02 

Figure 3. Port-B Write-Cycle Timing for FIF02 
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Figure 4. Port-B Read-Cycle Timing for FIF01 
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Figure 5. Port-A Read-Cycle Timing for FIF02 
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t t S ki is the minimum time between a rising CLKA edge and a rising CLKB edge for EFB to transition high in the next CLKB cycle. If the time between 
the rising CLKA edge and rising CLKB edge is less than t s ki , the transition of EFB high may occur one CLKB cycle later than shown. 

Figure 6. EFB-Flag Timing and First Data Read When FIF01 Is Empty 
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t t S ki is the minimum time between a rising CLKB edge and a rising CLKA edge for EFA to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than t s |<i , the transition of EFA high may occur one CLKA cycle later than shown. 

Figure 7. EFA-Flag Timing and First Data Read When FIF02 Is Empty 
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t t s ki is the minimum time between a rising CLKB edge and a risi ng CL KA edge for FFA to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than t S |<i , FFA may transition high one CLKA cycle later than shown. 

Figure 8. FFA-Flag Timing and First Available Write When FIF01 Is Full 
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t tski is the minimum time between a rising CLKA edge and a rising CLKB edge for FFB to transition high in the next CLKB cycle. If the time between 
the rising CLKA edge and rising CLKB edge is less than t s j<i , FFB may transition high one CLKB cycle later than shown. 

Figure 9. FFB-Flag Timing and First Available Write When FIF02 Is Full 
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<W S J \ / \ / \ / S / 
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t t s k2 is the minimum time between a rising CLKA edge and a risi ng CL KB edge for AEB to transition high in the next CLKB cycle. If the time between 

the rising CLKA edge and r ising CLKB edge is less than t S |<2, AEB may transition high one CLKB cycle later than shown. 
NOTE A: FIF01 write (CSA = L, W/RA = H, MBA = L), FIF01 read (CSB = L, W/RB = L, MBB = L). 

Figure 10. Timing for AEB When FIF01 Is Almost Empty 
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t t S k2 is the minimum time between a rising CLKB edge and a risi ng CL KA edge for AEA to transition high in the next CLKA cycle. If the time between 

the rising CLKB edge and r ising CLKA edge is less than t S |<2, AEA may transition high one CLKA cycle later than shown. 
NOTE A: FIF02 write (CSB = L, W/RB = H, MBB = L), FIF02 read (CSA = L, W/RA = L, MBA = L). 

Figure 11. Timing for AEA When FIF02 Is Almost Empty 
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t t s |<2 is the minimum time between a rising CLKA edge and a risi ng CL KB edge for AFA to transition high in the next CLKA cycle. If the time between 

the rising CLKA edge and r ising CLKB edge is less than t s |<2, AFA may t ransition high one CLKB cycle later than shown. 
NOTE A: FIF01 write (CSA = L, W/RA = H, MBA = L), FIF01 read (CSB = L, W/RB = L, MBB = L). 

Figure 12. Timing for AFA When FIF01 Is Almost Full 
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t t s k2 ls tne minimum time between a rising CLKB edge and a risi ng CL KA edge for AFB to transition high in the next CLKB cycle. If the time between 

the rising CLKB edge and r ising CLKA edge is less than t S |<2, AFB may transition high one CLKA cycle later than shown. 
NOTE A: FIF02 write (CSB « L, W/RB= H, MBB = L), FIF02 read (CSA = L, W/RA = L, MBA = L). 



Figure 13. Timing for AFB When FIF02 Is Almost Full 
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Figure 14. Timing for MaiH Register and MBF1 Flag 
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Figure 15. Timing for Mail2 Register and MBF2 Flag 
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Figure 16. ODD/EVEN, W/RA, MBA, and PGA to PEFA Timing 
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Figure 17. ODD/EVEN, W/RB, MBB, and PGB to PlFB Timing 
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Figure 18. Parity-Generation Timing When Reading From the Mail2 Register 
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Figure 19. Parity-Generation Timing When Reading From the Mail! Register 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, V<x -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to Vqc + 0.5 v 

Output voltage range, Vq (see Note 1) -0.5 V to Vcc + 0.5 V 

Input clamp current, I|k (V| < 0 or Vj > Vcc) ±20 mA 

Output clamp current, Iqk ( v o < 0 or Vq > V<x) ±50 m A 

Continuous output current, Iq (Vq = 0 to Vcc) • ±50 mA 

Continuous current through Vcc or GND ±500 mA 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output voltage ratings may be exceeded provided the input and output current ratings are observed. 



recommended operating conditions 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


V 


V|L 


Low-level input voltage 


0.8 


V 


'OH 


High-level output current 


-4 


mA 


lOL 


Low-level output current 


8 


mA 


t a 


Operating free-air temperature 


0 


70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


VOH 


Vcc = 4 - 5 V, loH = -4 mA 


2.4 


V 


vql 


Vcc = 4 - 5 V, Iql = 8 mA 


0.5 


V 


h 


Vcc = 5.5 V, V| = Vccor0 


±50 


HA 


ioz 


Vcc = 5.5 V, V O = V C Cor0 


±50 


MA 


ice 


Vcc = 5.5 V, Iq = 0 mA, V| = Vcc or GND 


Outputs high 


60 


mA 


Outputs low 


130 


mA 


Outputs disabled 


60 


mA 


Ci 


V| = 0, f=1MHz 


4 


PF 


C 0 


Vq = 0, f = 1 MHz 


8 





$ All typical values are at Vcc = 5 V, Ta = 25°C. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 19) 





ABT3612-15 


'ABT3612-20 


'ABT3612-30 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


f clock Clock frequency, CLKA or CLKB 


66.7 


50 


33.4 


MHz 


t c Clock cycle time, CLKA or CLKB 


15 


20 


30 


ns 


t W (CLKH) Pulse duration, CLKA and CLKB high 


6 


8 


12 


ns 


MCLKL) Pu,se duration, CLKA and CLKB low 


6 


8 


12 


ns 


tsu(D) Set up time, A0-A35 before CLKA? and B0-B35 before CLKBt 


4 


5 


6 


ns 


Setup time, CSA, W/RA before CLKA?; CSB, W/RB before 
tsu(EN1) CLKBT 


6 


6 


7 


ns 


*su(EN2) Setup time, ENA before CLKAt; ENB before CLKBt 


4 


5 


6 


ns 


*su(EN3) Setup time, MBA before CLKAt; MBB before CLKBT 


4 


5 


6 


ns 


Setup time, ODD/EVEN and PGA before CLKAT; ODD/EVEN and 
tsu(PG) pgb before CLKBTt 


4 


5 


6 


ns 


tsu(RS) Setup time, RST low before CLKAT or CLKBt* 


5 


6 


7 


ns 


t su(FS) Setup time, FSO and FS1 before RST high 


5 


6 


7 


ns 


t h (D) Hold time, A0-A35 after CLKAT and B0-B35 after CLKBT 


2.5 


2.5 


2.5 


ns 


*h(EN1 ) Hold tim ®. CSA, W/RA after CLKAT; CSB, W/RB after CLKBT 


2 


2 


2 


ns 


*h(EN2) Hold time, ENA after CLKAT; ENB after CLKBT 


2.5 


2.5 


2.5 


ns 


*h(EN3) Hold time, MBA after CLKAT; MBB after CLKBT 


1 


1 


1 


ns 


Hold time, ODD/EVEN and PGA after CLKAT; ODD/EVEN and 
T h(PG) PGB after CLKBTt 


1 


1 


1 


ns 


th(RS) Hold time, RST low after CLKAT or CLKBTt 


5 


6 


7 


ns 


th(FS) Hold time, FSO and FS1 after RST high 


4 


4 


4 


ns 


§ Skew time between CLKAT and CLKBT for EFA.EFB, 
sk1 FFA, and FFB 


8 


8 


10 


ns 


§ Skew time between CLKAT and CLKBT for AEA, AEB, 
sk2 AFA, and AFB 


9 


16 


20 


ns 



t Only applies for a clock edge that does a FIFO read 

t Requirement to count the clock edge as one of at least four needed to reset a FIFO 

§ Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between CLKA cycle and 
CLKB cycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C L = 30 pF (see Figures 1 through 19) 



PARAMETER 


ABT3612-15 


'ABT3612-20 


ABT3612-30 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


ta 


Access time, CLKAt to A0-A35 and CLKBt to B0-B35 


2 


10 


2 


12 


2 


15 


ns 


l Pa(U-rr) 


Propagation delay time, CLKAt to FFA and CLKBt to FFB 


2 


10 


2 


12 


2 


15 


ns 


l pa(U-tr) 


Propagation delay time, CLKAt to EFA and CLKBt to EFB 


2 


10 


2 


12 


2 


15 


ns 


tpd(C-AE) 


Propagation delay time, CLKAt to AEA and CLKBt to AEB 


2 


10 


2 


12 


2 


15 


ns 


tpd(C-AF) 


Propagation delay time, CLKA I to AFA and CLKB I to AFB 


2 


10 


2 


12 


2 


15 


ns 


tpd(C-MF) 


Propagation delay time, CLKAt to MBF1 low or MBF2 high and 
CLKB I to MBF2 low or MBF1 high 


1 9 


1 


12 


1 


15 


ns 


tpd(C-MR) 


Propagation delay time, CLKAt to B0-B35t and CLKBt to 
A0-A35* 


3 


11 


3 


13 


3 


15 


ns 


tpd(M-DV) 


Propagation delay time, MBA to AO- A35 valid and MBB to 
B0-B35 valid 


1 


11 


1 


11.5 


1 


12 


ns 


tpd(D-PE) 


Propagation delay time, A0-A35 valid to PEFA valid; B0-B35 
valid to PEFB valid 


3 


10 


3 


11 


3 


13 


ns 


tpd(O-PE) 


Propagation delay time, ODD/EVEN to PEFA and PEFB 


3 


11 


3 


12 


3 


14 


ns 


l pd(OPB) 5f 


Propagation delay time, ODD/EVEN to parity bits (A8, A17, A26, 
A35) and (B8, B17, B26, B35) 


2 


11 


2 


12 


2 


14 


ns 


tpd(E-PE) 


Propagation delay time, W/RA, CSA, ENA, MBA, or PGA to 
PEFA; W/RB, CSB, ENB, MBB, or PGB to PEFB 


1 


11 


1 


12 


1 


14 


ns 


tpd(E-PB) § 


Propagation delay time, W/RA, CSA, ENA, MBA, or PGA to 
parity bits (A8, A17, A26, A35); W/RB, CSB, ENB, MBB, or PGB 
to parity bits (B8, B17, B26, B35) 


3 


12 


3 


13 


3 


14 


ns 


tpd(R-F) 


Propagation delay time, RST to (AEA, AEB) low and (AFA, AFB, 
MBF1, MBF2) high. 


1 


15 


1 


20 


1 


30 


ns 




Enable time, CSA and W/RA low to AO- A35 active and CSB low 
and W/RB high to B0-B35 active 


2 


10 


2 


12 


2 


14 


ns 


tdis 


Disable time, CSA or W/RA high to AO- A35 at high impedance 
and CSB high or W/RB low to B0-B35 at high impedance 


1 


8 


1 


9 


1 


11 


ns 



t Writing data to the main register when the B0-B35 outputs are active and MBB is high 
$ Writing data to the mail2 register when the AO- A35 outputs are active and MBA is high 
§ Only applies when reading data from a mail register 
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TYPICAL CHARACTERISTICS 

SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 



< 

E 



400 
350 


I I 

'data = 1/2 f C | 0C 


I 




Vcr 


* = 5.5 
j 


V > 


c L 


= 0pF 














300 
250 






\ 


'cc = 


5V 

\ 
























200 
150 
100 
50 
n 














X = 4 


.5 V 



















































0 10 20 30 40 50 60 70 80 
f dock - Clock Frequency - MHz 

Figure 20 

calculating power dissipation 

The lcc(f) current for the graph in Figure 20 was taken while simultaneously reading and writing the FIFO on 
the SN74ACT361 2 with CLKA and CLKB set to f C lock- A " data inputs and data outputs change state during each 
clock cycle to consume the highest supply current. Data outputs were disconnected to normalize the graph to 
a zero-capacitance load. Once the capacitive load per data-output channel is known, the power dissipation can 
be calculated with the equation below. 

With lcc(f) taken from Figure 20, the maximum dynamic power dissipation (Pp) of the SN74ABT3612 can be 
calculated by: 

Pd = v C c x 'cc(f) + £(C L x v cc x ( v 0H - Vol) * W 
where: 

Cl = output capacitive load 
f 0 = switching frequency of an output 
v OH = high-level output voltage 
Vql = low-level output voltage 

When no reads or writes are occurring on the SN74ABT3612, the power dissipated by a single clock (CLKA 
or CLKB) input running at frequency fclock is calculated by: 

p T = V cc x fdock x 0-29 mA/MHz 
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PARAMETER MEASUREMENT INFORMATION 

5V 



From Output 
Under Test 



680 ft 



1.1 kQ 



30 pF 

(see Note A) 



LOAD CIRCUIT 



Timing 
input 



3V 
GND 



t su -n — — *~ th 

Data, \J 3V 

Enable /1-*V \1.5V 
■ ■t * 



Input 



GND 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



High-Level 
Input 



Low-Level 
Input 




VOLTAGE WAVEFORMS 
PULSE DURATIONS 



Output 
Enable 



Low-Level 
Output 



High-Level 
Output 




VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 



Input y/l7v N^1.5V 

tpd-4* — H 



3V 
GND 



In-Phase 
Output 



k — *f-t pd 

v i" V0H 

/ 1.5 V \ 1.5 V 



vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



NOTE A: Includes probe and jig capacitance 

Figure 21. Load Circuit and Voltage Waveforms 
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O6n6f0l information 



1 



Telecom Singie-Bit FIFOs 


2 


Reduced-Width FIFOs 




9-Bit Clocked/Strobed FIFOs 


E 


8- and 9-Bit Asynchronous FIFOs 


5 


Synchronous FIFOs 


6 


1 8-Bit Clocked FIFOs Wl 


18-Bit Strobed FIFOs 


8 


Multi-Q™ 18-Bit FIFO 


9 


3.3-V Low-Powered 18-Bit FIFOs 


10 


DSP 32- and 36-Bit Clocked FIFOs 


11 


Internetworking 36-Bit Clocked FIFOs 


12 


High-Bandwidth Computing 36-Bit Clocked FIFOs 


13 


Military FIFOs 


14 


Application Reports 


15 


Mechanical Data 


16 



14-1 



Features 



MILITARY FIFOS 

Benefits 



Frequencies up to 40 MHz 
3-state outputs 

Depths available from 1 6 to 64 words 

Package options include SOIC, PLCC, 
and DIP 



• Multiple frequencies for greater 
system-performance flexibility • 

• Disable output from the data path 

• Shallow depths for elastic store 

• Multiple package options for high-volume 
production requirements 



INTRODUCTION 

Tl continues its commitment to make the latest technology available to its military customers by offering the FIFO 
memories included in this section. These military FIFOs cover a wide portion of the commercial product 
spectrum. 

Tl Military Products has been qualified per MIL-PRF-38535 (QML) since 1 992. Our integrated circuits have the 
quality and reliability levels associated with this performance-based qualified manufacturer's line (QML) 
specification. This QML qualification is overseen by the Defense Electronics Supply Center (DESC). 

Several of these military FIFOs are QML qualified in plastic packages, allowing the military designer to have 
a device tested through the military temperature range (-55°C to 125°C) with the small-outline configuration 
of the commercial plastic package. QML plastic and standard ceramic packaging options offer Tl's customers 
flexibility and performance. 

Based on the customer's interest, Tl Military Products can offer additional FIFO functions currently available 
Qnly as commercial devices. For more information on military FIFO products, please contact your local Tl 
military-products field sales representative or authorized Tl military-products distributor. 
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• Member of the Texas Instruments 
Widebus™ Family 

• Free-Running CLKA and CLKB Can Be 
Asynchronous or Coincident 

• Read and Write Operations Synchronized 
to Independent System Clocks 

• Two Separate 512 x 18 Clocked FIFOs 
Buffering Data in Opposite Directions 

• IRA and ORA Synchronized to CLKA 

• IRB and ORB Synchronized to CLKB 



• Microprocessor Interface Control Logic 

• Programmable Almost-Full/Almost-Empty 
Flags 

• Fast Access Times of 9 ns With a 50-pF 
Load and Simultaneous-Switching Data 
Outputs 

• Advanced BiCMOS Technology 

• Released as DESC SMD (Standard 
Microcircult Drawing) 5962-9470401 QXA 

• Available in 84-Pin Ceramic Pin Grid Array 
(GB) Package 



GB PACKAGE 
(TOP VIEW) 



1 2 3 4 5 6 



8 9 10 11 



@ © 

® ® 

® © @ 

© © © 

© © © 

© © 

© © 




© © © 



© © © 





© 


© 




© 


© 




© 


© 




© 


© 


© 


© 


© 


© 


© 


© 


© 


© 


© 




© 


© 




© 


© 


© 


© 


© 


© 


© 


© 



description 



A FIFO memory is a storage device that allows data to be read from its array in the same order it is written. The 
SN54ABT7819 is a high-speed, low-power BiCMOS bidirectional clocked FIFO memory. Two independent 
512 x 18 dual-port SRAM FIFOs on board the chip buffer data in opposite directions. Each FIFO has flags to 
indicate empty and full conditions, a half-full flag, and a programmable almost-full/almost-empty flag. 

The SN54ABT7819 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable 
signals. The continuous clocks for each port are independent of one another and can be asynchronous or 
coincident. The enables for each port are arranged to provide a simple bidirectional interface between 
microprocessors and/or buses with synchronous control. 



Widebus is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA Information Is current as of .publication date. _ . Copyright © 1995, Texas Instruments Incorporated 
Products conform to specifications per the terms of Texas Instruments •« 

standard warranty. Production processing does not necessarily Include wVw Ievac 

testing of all parameters. lfcoXAo 
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SGBS305B-AUGUST19^ 

description (continued) 

The state of the AO- A1 7 outputs is controlled by CSA and W/RA. When both CS A and W/RA are low, the outputs 
are active. The A0-A17 outputs are in the high-impedance state when eit her C SA or W/RA is high. Data is 
written to FIFOA-B from port A on the low-to-high transition of CLKA when CSA is low, W/RA is high, WENA 
is high, and the IRA f lag is high^Data is read from Fl FOB- A to the AO- A1 7 outputs on the low-to-high transition 
of CLKA when CSA is low, W/RA is low, RENA is high, and the ORA flag is high. 

The state of the B0-B1 7 outputs is controlled by CSB and W/RB. When both CSBand W/RB are low, the outputs 
are active. The B0-B17 outputs are in the high-impedance state when eit her C SB or W/RB is high. Data is 
written to FIFOB-A from port B on the low-to-high transition of CLKB when CSB is low, W/RB is high, WENB 
is highland the I RB f lag is high^ata is read from FIFOA-B to the B0-B1 7 outputs on the low-to-high transition 
of CLKB when CSB is low, W/RB is low, RENB is high, and the ORB flag is high. 

The setup- and hold-time constraints for the chip selects (CSA, CSB) and write/read selects (W/RA, W/RB) 
enable and read operations on memory and are not related to the high-impedance control of the data outputs. 
If a port read enable (RENA or RENB) and write enable (WENA or WENB) are set low during a clock cycle, the 
chip select and write/read select can switch at any time during the cycle to change the state of the data outputs. 

The input-ready and output-ready flags of a FIFO are two-stage synchronized to the port clocks for use as 
reliable control signals. CLKA synchronizes the status of the input-ready flag of FIFOA-B (IRA) and the 
output-ready flag of FIFOB-A (ORA). CLKB synchronizes the status of the input-ready flag of FIFOB-A (IRB) 
and the output-ready flag of FIFOA-B (ORB). When the input-ready flag of a port is low, the FIFO receiving input 
from the port is full and writes are disabled to its array. When the output-ready flag of a port is low, the FIFO that 
outputs data to the port is empty and reads from its memory are disabled/The first word loaded to an empty 
memory is sent to the FIFO output register at the same time its output-ready flag is asserted (high). When the 
memory is read empty and the output-ready flag is forced low, the last valid data remains on the FIFO outputs 
until the output-ready flag is asserted (high) again. In this way, a high on the output-ready flag indicates new 
data is present on the FIFO outputs. 

The SN54ABT7819 is characterized for operation from -55°C to 125°C. 



Texas 
Instruments 

14-6 POST OFFICE BOX 655303 •DALLAS, TEXAS 75265 



SN54ABT7819 
512x18x2 

CLOCKED BIDIRECTIONAL FIRST-IN, FIRST-OUT MEMORY 

SGBS305B- AUGUST 1994- REVISED DECEMBER 1995 



Terminal Assignments 



TCDI1IKIA 1 

terminal 


NAME 


terminal 


NAME 


TERMINAL 


NAME 


TCDMIM A 1 

Terminal 


NAME 


A1 


PENA 


B11 


IRB 


F9 


NC 


K2 


A11 


A2 


CSA 


C1 


GND 


F10 


B6 


K3 


GND 


A3 


W/RA 


C2 


HFA 


F11 


GND 


K4 


v cc 


A4 


\ A/CM A 

WtNA 


C5 


CLKA 


G1 


A5 


K5 


GND 


A5 


ORA 


C6 


NC 


G2 


GND 


K6 


A17 


A6 


V CC 


C7 


vcc 


G3 


A4 


K7 


GND 


A7 


ORB 


C10 


HFB 


G9 B4 


K8 


Vcc 


A8 


WENB 


C11 


GND 


G10 


GND 


K9 


GND 


A9 


W/RB 


D1 


A1 


G11 


B5 


K10 


B10 


A10 


CSB 


D2 


AO 


H1 


A7 


K11 


B9 


A11 


AF/AEB 


D10 


BO 


H2 


GND 


L1 


A10 


D 1 


IDA 

I HA 


D11 


B1 


H10 


GND 


L2 


A12 


B2 


AF/AEA 


E1 


A3 


H11 


B7 


L3 


A13 


B3 


RSTA 


E2 


A2 


J1 


A8 


L4 


A14 


B4 


GND 


E3 


vcc 


J2 


vcc 


L5 


A16 


B5 


RENA 


E9 


vcc 


J5 


A15 


L6 


B15 


B6 


CLKB 


E10 


B2 


J6 


NC 


L7 


B16 


B7 


RENB 


E11 


B3 


J7 


B17 


L8 


B14 


B8 


GND 


F1 


A6 


J10 


vcc 


L9 


B13 


B9 RSTB 


F2 


GND 


J11 


B8 


L10 


B12 


B10 


PENB 


F3 


NC 


K1 


A9 


L11 


B11 
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logic symbolt 



CLKA 



CSA 



C5 



WENA 



RENA 

RSTA 
PlNA 

IRA 
ORA 
HFA 
AF/AEA 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
A11 
A12 
A13 
A14 
A15 
A16 
A17 



A2 



A3 

W/RA 



A4 



B1 



A5 



C2 



B2 



1* & 



B5 


B3 


IS 


A1 


IS 



CLOCK A 



FIFO 512x18x2 
SN54ABT7819 



CLOCK B 



OE1 



OE2 



WRITE 

ENABLE 

FIFOA-B 

READ 

ENABLE 

FIFOB-A 



WRITE 
ENABLE 
FIFOB-A 



READ 
ENABLE 
FIFOA-B 



& 



& 4 



FIFOA-B 

INPUT-READY 
PORTA 

OUTPUT-READY 
PORTA 
HALF-FULL 
FIFOA-B 

ALMOST-FULL/EMPTY 
FIFOA-B 



RESET FIFOB-A ^- 

PROGRAM ENABLE U 1 - 
FIFOB-A 

INPUT-READY 
PORT B 
OUTPUT-READY 
PORT B 
HALF-FULL 
FIFOB-A 
ALMOST-FULL/EMPTY 
FIFOB-A 



4_ 



B6 



A10 



A9 



A8 



B7 



B9 



B10 



B11 



A7 



C10 



A11 



D2 


0 




0 


D10 


D1 




D11 


E2 








E10 


E1 








E11 


G3 








G9 


G1 








G11 


F1 








F10 


H1 








H11 


J1 




1V 2V 




J11 


K1 




<\ata^ <^*£> 




K11 


L1 






K10 


K2 








L11 


L2 








L10 


L3 








L9 


L4 








L8 


J5 








L6 


L5 








L7 


K6 


17 




17 


J7 









CLKB 



CSB 
W/RB 



WENB 



RENB 



RSTB 
PENB 

IRB 
ORB 
HFB 
AF/AEB 

BO 

B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

B9 

B10 

B11 

B12 

B13 

B14 

B15 

B16 

B17 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 



Texas 
Instruments 

1 4-8 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54ABT7819 
512x18x2 

CLOCKED BIDIRECTIONAL FIRST-IN, FIRST-OUT MEMORY 

SGBS305B - AUGUST 1 994 - REVISED DECEMBER 1 995 



functional block diagram 



PlNA- 
RENA- 
WENA- 
CSA- 
W/RA- 
CLKA- 
RSTA ~ 



18 



ORA— 



A0-A17- 



IRA — «- 
AF/AEA — «- 



HFA — «- 



Port-A 
Control 
Logic 



18, 



Pointer 



18 



512x18 
Dual-Port SRAM 
FIFOB-A 



^ 



Register 



Flag 
Logic 
FIFOB-A 



Write 
Pointer 



Write 
Pointer 



Register 



Flag 
Logic 
FIFOA-E 



512x18 
Dual-Port SRAM 
FIFOA-B 



Read 
Pointer 



Register 



t> 



Port-B 
Control 
Logic 



18 



|RB 

+— AF/AEB 
+- HFB 



B0-B17 



ORB 



RSTB 

CLKB 

CSB 

W/RB 

WENB 

RENB 

PENB 
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enable logic diagram (positive logic) 



CSA 
W/RA 
WENA 



RENA 



WEN FIFOA-B 



Output Enable (A0-A17) 



REN FIFOB-A 



WEN FIFOB-A 



Output Enable (B0-B17) 



REN FIFOA-B 



03 



O- 



CSB 

W/RB 

WENB 



RENB 



FUNCTION TABLES 



SELECT INPUTS 


A0-A17 


A-PORT OPERATION 


CLKA CSA W/RA WENA RENA 


X H X X X 
T L H H X 
t L L X H 


HighZ 
HighZ 
Active 


None 

Write A0-A17 to FIFOA-B 
Read FIFOB-A to A0-A17 




SELECT INPUTS 


B0-B17 


B- PORT OPERATION 


CLKB CSB W/RB WENB RENB 


X H X X X 
T L H H X 
t L L X H 


HighZ 
HighZ 
Active 


None 

Write BO -B17 to FIFOB-A 
Read FIFOA-B to B0-B17 
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Terminal Functions 



TERMINAL 
NAME 


I/O 


DESCRIPTION 


A0-A17 


I/O 


Port-A data. The 18-bit bidirectional data port for side A. 


AF/AEA 


0 


FIFOA-B almost-full/almost-empty flag. Depth offsets can be programmed for AF/AEA, or the default value of 128 can 
be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AEA is high when X or less words or 
(512 — Y) or more words are stored in FIFOA— B. AF/AEA is forced high when FIFOA— B is reset. 


AF/AEB 


0 


FIFOB-A almost-full/almost-empty flag. Depth offsets can be programmed for AF/AEB, or the default value of 128 can 
be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AEB is high when X or less words or 

/CHO \/\ #\. mam iiiAr/Jr r\ fa \v\ CICAD A AC/A CD ie> {/mv%as<I ItS/tlt lAjhAlt CIC^^D A ie raeat 

(oi^ — Y; or more woras are siorea in riruo —a. Ar/AtD is Torcea nign wnen riruD —a is resex. 


B0-B17 


I/O 


Port-B data. The 1 8-bit bidirectional data port for side B. 


CLKA 


I 


Port-A clock. CLKA is a continuous clock that synchronizes all data transfers through port A to its low-to-high transition 
and can be asynchronous or coincident to CLKB. 


CLKB 


I 


Port-B clock. CLKB is a continuous clock that synchronizes all data transfers through port B to its low-to-high transition 
and can be asynchronous or coincident to CLKA. 


CSA 


I 


Port-A chip select. CSA must be low to enable a low-to-high transition of CLKA to either write data from A0-A17 to 
FIFOA-B or read data from FIFOB-A to A0-A17. The AO- A1 7 outputs are in the high-impedance state when CSA is 
high. 


CSB 


I 


Port-B chip select. CSB must be low to enable a low-to-high transition of CLKB to either write data from B0-B17 to 
FIFOB-A or read data from FIFOA-B to B0-B17. The B0-B17 outputs are in the high-impedance state when CSB is 
high. " 


HFA 


o 


FIFOA-B half-full flag. HFA is high when FIFOA-B contains 256 or more words and is low when FIFOA-B contains 
255 or less words. HFA is set low after FIFOA-B is reset. 


HFB 


0 


FIFOB -A half-full flag. HFB is high when FIFOB-A contains 256 or more words and is low when FIFOB-A contains 
255 or less words. HFB is set low after FIFOB -A is reset. 


IRA 


0 


Port-A input-ready flag. IRA is synchronized to the low-to-high transition of CLKA. When IRA is low, FIFOA-B is full and 
writes to its array are disabled. I RA is set low during a Fl FOA- B reset and is set high on the second low-to-high transition 
of CLKA after reset. 


IRB 


0 


Port-B input-ready flag. IRB is synchronized to the low-to-high transition of CLKB. When IRB is low, FIFOB-A is full and 
writes to its array are disabled. I RB is set low during a FIFOB - A reset and is set high on the second low-to-high transition 
of CLKB after reset. 


ORA 


0 


Port-A output-ready flag. ORA is synchronized to the low-to-high transition of CLKA. When ORA is low, FIFOB-A is 
empty and reads from its array are disabled. The last valid word remains on the FIFOB-A outputs when ORA is low. 
Ready data is present for the AO- A1 7 outputs when ORA is high. ORA is set low during a FIFOB-A reset and goes high 
on the third low-to-high transition of CLKA after the first word is loaded to an empty FIFOB - A. 


ORB 


0 


Port-B output-ready flag. ORB is synchronized to the low-to-high transition of CLKB. When ORB is low, FIFOA-B is 
empty and reads from its array are disabled. The last valid word remains on the FIFOA-B outputs when ORB is low. 
Ready data is present for the B0-B1 7 outputs when ORB is high. ORB is set low during a FIFOA-B reset and goes high 
on ine iruru iow-io-niyn iransiuon 01 oi_r\D auer ine iirsi wora is loauea 10 an ©mpiy nrwM— d. 


PENA 




AF/AEA program enable. After FIFOA-B is reset and before a word is written to its array, the binary value on A0-A7 
is latched as an AF/AEA offset when PENA is low and CLKA is high. 


PENB 




AF/AEB program enable. After FIFOB -A is reset and before a word is written to its array, the binary value on B0-B7 
is laicnea as an nr/ncD onset wnen rtiND is low ana oi_r\D is nign. 


RENA 




Port-A read enable. A high level on RENA enables data to be read from FIFOB-A on the low-to-high transition of CLKA 
when CSA is low, W/RA is low, and ORA is high. 


RENB 




Port-B read enable. A high level on RENB enables data to be read from FIFOA-B on the low-to-high transition of CLKB 
when CSB is low, W/RB is low, and ORB is high. 


RSTA 




FIFOA-B reset. To reset FIFOA-B, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must 
occur while RSTA is low. This sets HFA low, IRA low, ORB low, and AF/AEA high. 


RSTB 




FIFOB - A reset. To reset FIFOB - A, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must 
occur while RSTB is low. This sets HFB low, IRB low, ORA low, and AF/AEB high. 
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Terminal Functions (Continued) 



TERMINAL 
NAME 


I/O 


DESCRIPTION 


WENA 


I 


Port-A write enable. A high level on WENA enables data on A0-A17 to be written into FIFOA-B on the low-to-high 
transition of CLKA when W/ RA is high, CSA is low, and IRA is high. 


WENB 


I 


Port-B write enable. A high level on WENB enables data on B0-B17 to be written into FIFOB - A on the low-to-high 
transition of CLKB when W/RB is high, CSB is low, and IRB is high. 


W/RA 


I 


Port-A write/read select. A high on W/RA enables AO- A1 7 data to be written to FIFOA-B on a low-to-high transition of 
CLKA when WENA is high, CSA is low, and IRA is high. A low on W/RA enables data to be read from FIFOB-A on a 
low-to-high transition of CLKA when RENA is high, CSA is low, and ORA is high. The A0-A17 outputs are in the 
high-impedance state when W/RA is high. 


W/RB 


I 


Port-B write/read select. A high on W/RB enables B0-B1 7 data to be written to FIFOB-A on a low-to-high transition of 
CLKB when WENB is high, CSB is low, and IRB is high. A low on W/RB enables data to be read from FIFOA-B on a 
low-to-high transition of CLKB when RENB is high, CSB is low, and ORB is high. The B0-B17 outputs are in the 
high-impedance state when W/RB is high. 



CLKA 




HFA 



AF/AEA 



Figure 1. Reset Cycle for FIFOA-Bt 



t FIFOB - A is reset in the same manner. 
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CLKA 




W/RA 



WENA 



A0-A17 



t Written to FIFOA-B 



CLKB 



Figure 2. Write Timing - Port A 



IRB 



CSB 



W/RB 



WENB 



B0-B17 



\ 



Word it 



Word 2t 



Word 3t 



Word 4t 



t Written to FIFOB-A 



Figure 3. Write Timing - Port B 
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CLKA 



CSA 



W/RA 



WENA 



A0-A17 : 



W1 



CLKB 



ORB 



CSB 



W/RB 



RENB 




y////////////////////////////>^ 



tpd- 



B0-B17 ' 



W1 From FIFOA-B 



Figure 4. ORB-Flag Timing and First-Data-Word Falithrough When FIFOA-B Is Emptyt 

t Operation of FIFOB-A is identical to that of FIFOA-B. 
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CLKB 



CSB 



W/RB 



RENB 



B0-B17 



x 



From FIFOA-B 



CLKA 



IRA 



CSA 



WENA 



W/RA 



A0-A17 





1 — i 


> 


tpd 


< *\ 


« >\~ tpd 















To FIFOA-B 



Figure 5. Write-Cycle and IRA-Flag Timing When FIFOA-B Is Fullt 

t Operation of FIFOB-A is identical to that of FIFOA-B. 
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CLKA 



ORA 



CSA 



W/RA 



RENA 



A0-A17 



t Read from FIFOB-A 



ten |« *J l*-t pd - 



h ( Wordlt ^ Word2t X Word3t X Word4t ) h 
Figure 6. Read Timing - Port A 



*dls 



CLKB 



ORB 



CSB 



Y 



W/RB 



RENB 



ten |t J 



tpd" 



B0-B17 • 



t Read from FIFOA-B 



H ( Wordlt ^ Word2t ^ Word3t X Word4t ) h 



Figure 7. Read Timing - Port B 
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WENA 
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j' 



IRA 



J JLC 



1 



A0-A17 <XX| W1 KXXJWX+1 IQl WX+2K)Qg W256pC|W257 KXJW51 2-Y[XiW51 3-Y kX><J W51 3 



J 1L 




CLKB 



RENB 



ORB 



ss- 



B0-B17 




W1 



■SS- 



"^""vy2^ ^ WY+1 ^ WY+ 2 ^"w257 ^W2^ ^ ^W512^^W513-Ic 



AF/AEA 



HFA 



NOTES: A. CSA, CSB = 0, W/RA = 1 , W/RB = 0 

B. X is the almost-empty offset and Y is the almost-full offset for AF/AEA. 

C. HFB and AF/AEB function in the same manner for FIFO B - A. 



Figure 8. FIFOA - B (HFA, AF/AEA) Asynchronous Flag Timing 
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offset values for AF/AE 

The almost-full/almost-empty flag of each FIFO has two programmable limits: the almost-empty offset value (X) 
and the almost-full offset value (Y). They can be programmed from the input of the FIFO after it is reset and 
before a word is written to its memory. An AF/AE flag is high when its Fl FO contains X or less words or (51 2 - Y) 
or more words. 

To program the offset values for AF/AEA, PENAcan be brought low after FIFOA-B is reset and only when CLKA 
is low. On the following low-to-high transition of CLKA, the binary v alue on A0-A7 is stored as the almost-empty 
offset value (X) and the almost-full offset value (Y). Holding PENA low for another low-to-high transition of CLKA 
reprograms Y to the binary value on A0-A7 at the time of the second CLKA low-to-high transition. 

Duri ng the first two CLKA cycles used for offset programming, PENA can be brought high only when CLKA is 
low. PENA can be brought high at any time after the second CLKA pulse used for offset programming returns 
low. A maximum value o f 255 can be programmed for either X or Y (see Figure 9). To use the default values 
of X = Y = 128, PENA must be tied high. No data is stored in FIF OA-B while the AF/AEA offsets are 
programmed. The AF/AEB flag is programmed in the same manner with PENB enabling CLKB to program the 
offset values taken from BO- B7. 




Figure 9. Programing X and Y Separately for AF/AEA 
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absolute maximum ratings over operating free-air temperature range (unless otherwise notedjt 



Supply voltage range, Vcc ••• -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to Vcc + 0.5 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, lo 48 mA 

Input clamp current, Iik (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < 0) -50 m A 

Operating free-air temperature range, -55°C to 1 25°C 

Storage temperature range, T s t g -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vcc Supply voltage 


4.5 5 5.5 


V 


V|h High-level input voltage 


2 


V 


V|j_ Low-level input voltage 


0.8 


V 


V| Input voltage 


o v C c 


V 


'OH High-level output current 


-12 


mA 


lOL Low-level output current 


24 


mA 


At/Av Input transition rise or fall rate 


5 


ns/V 


Ta Operating free-air temperature 


-55 125 


°c 


electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|K 


Vcc = 4.5 V, l|--18mA 


-1.2 


V 


VOH 


Vcc -4.5 V, IOH--3mA 


2.5 


V 


Vcc - 5 V, l 0 H = -3mA 


3 


Vcc - 4.5 V, loH«-12mA 


2 


vol 


Vcc = 4.5 V, IOL = 24mA 


0.5 0.55 


V 


ii 


Vcc - 5.5 V, V| - V C c or GND 


±1 


MA 


»OZH § 


Vqc -5.5 V, Vo = 2.7V 


50 


HA 


'OZL § 


Vcc = 5.5 V, Vq = 0.5V 


-50 


MA 


io f 


Vcc - 5.5 V, VQ-2.5V 


-40 -100 -180 


mA 


tec 


Vcc - 5.5 V, Iq = 0, V| = VccorGND 


Outputs high 


15 


mA 


Outputs low 


95 


Outputs disabled 


15 


Ci 


Control inputs 


V| = 2.5Vor 0.5 V 


6 


PF 


Co 


Flags 


Vq = 2.5 V or 0.5 V 


4 


PF 


Cio 


A or B ports 


Vq = 2.5 V or 0.5 V 


8 


PF 



+ All typical values are at Vcc 88 5 V, Ta = 25°C 

§ The parameters IrjZH and 'OZL include the input leakage current. 

1f Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figures 1 through 8) 





MIM MAY 

MIN MAA 


UNIT 


fclock Clock frequency 


OU 


MMZ 


t w Pulse duration, CLKA, CLKB high or low 


Q 

O 


ns 


t su Setup time 


A0-A1 7 before CLKAt and B0-B17 before CLKBt 


5 


ns 


CSA before CLKAt and CSB before CLKBt 


7.5 


W/RA before CLKAt and W/RB before CLKBt 


7.5 


WENA before CLKAt and WENB before CLKBt 


5 


RENA before CLKAt and RENB before CLKBt 


5 


PENA before CLKAT and PENB before CLKBT 


5 


RSTA or RSTB low before first CLKAt and CLKBt t 


5 


t n Hold time 


A0-A17 after CLKAt and B0-B17 after CLKBt 


0 


ns 


CSA after CLKAt and CSB after CLKBt 


0 


W/RA after CLKAt and W/RB after CLKBt 


0 


WENA after CLKAt and WENB after CLKBt 


0 


RENA after CLKAt and RENB after CLKBt 


0 


PENA after CLKA low and PENB after CLKB low 


3 


RSTA or RSTB low after fourth CLKAt and CLKBt t 


4 



t To permit the clock pulse to be utilized for reset purposes 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, Cl = 50 pF (unless otherwise noted) (see Figures 10 and 11) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


MIN 


MAX 


UNIT 


*max 


CLKA or CLKB 




50 


MHz 


tpd 


CLKAt 


A0-A17 


3 


12 


ns 


CLKBt 


B0-B17 


3 


12 


tpd 


CLKAT 


IRA 


3 


12 


ns 


CLKBT 


IRB 


3 


12 


tpd 


CLKAt 


ORA 


2.5 


12 


ns 


CLKBT 


ORB 


2.5 


12 


tpd 


CLKAT 


AF/AEA 


7 


18 


ns 


CLKBt 


7 


18 


tPLH 


RSTA 


AF/AEA 


3 15 


ns 


tpd 


CLKAt 


AF/AEB 


7 


18 


ns 


CLKBt 


7 


18 


tPLH 


RSTB 


AF/AEB 


3 


15 


ns 


CLKAt 


HFA 


7 


18 


tPHL 


CLKBt 


HFA 


7 


18 


ns 


RSTA 


3 


15 


tPHL 


CLKAt 


HFB 


7 


18 


ns 


tPLH 


CLKBt 


HFB 


7 


18 


ns 


tPHL 


RSTB 


3 


15 


ten 


CSA 


A0-A17 


1.5 


10 


ns 


W/RA 


1.5 


10 


ten 


5SB 


B0-B17 


1.5 


10 


ns 


W/RB 


1.5 


10 




CSA 


A0-A17 


1.5 


10 


ns 


tdis 


W/RA 


1.5 


10 


tdis 


CSB 


B0-B17 


1.5 


10 


ns 


W/RB 


1.5 


10 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



14-21 



SN54ABT7819 
512x18x2 

CLOCKED BIDIRECTIONAL FIRST-IN, FIRST-OUT MEMORY 



SGBS305B - AUGUST 1994- REVISED DECEMBER 1995 



TYPICAL CHARACTERISTICS 



PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 



SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 



typ + 6 - 



E typ + 4 



c 
.2 



ol 
I 

■o 
a 



typ + 2 



typ 



typ-2 



v cc 

-T A = 
R L = 


= 5V 

25°C 










500 Q 

































































































160 




140 


< 




E 

I 


120 


I 




3 


100 


o 




5* 




a 
a 


80 


3 
(0 

I 




& 


60 


8 





50 100 150 200 250 300 
C|_ - Load Capacitance - pF 



40 
20 



Ta = 75°C 
CL = 0pF 








v c 


C = 


5.5 \ 


1 y 


































VCC 


= 5 


v - 
















































> 




= 4. 


>V 

























































Figure 10 
calculating power dissipation 



10 15 20 25 30 35 40 45 50 55 60 65 70 
fclock - Clock Frequency - MHz 
Figure 11 



With lcc(f) taken from Figure 11 , the maximum power dissipation (Pj) based on all outputs changing states on 
each read may be calculated by: 

Pt - V cc x l CC(f) + S(C L x Vqh 2 x W 

where: 

•cc(f) = maximum Ice clock frequency 
C|_ = output capacitive load 
f 0 = data output frequency 
v OH = typical output high level 
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PARAMETER MEASUREMENT INFORMATION 




LOAD CIRCUIT VOLTAGE WAVEFORMS 

ENABLE AND DISABLE TIMES 



PARAMETER 


R1.R2 


c L t 


S1 


ten 


tPZH 


500 a 


50 pF 


Open 


tPZL 


Closed 


*dis 


tPHZ 


500 Q 


50 pF 


Open 


tPLZ 


Closed 


tpd 


500 Q 


50 pF 


Open 



t Includes probe and test-fixture capacitance 



Figure 12. Load Circuit and Voltage Waveforms 
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• Member of the Texas Instruments 
Widebus™ Family 

• Independent Asynchronous Inputs and 
Outputs 

• Produced In Advanced BiCMOS 
Technology 

• Two Separate 512 x 18 FIFOs Buffering 
Data In Opposite Directions 



• Programmable Almost-Full/Almost-Empty 
Flags 

• Empty, Full, and Half-Full Flags 

• Fast Access Times of 12 ns With a 50-pF 
Load and Simultaneous Switching Data 
Outputs 

• Available in 84-Pin Ceramic Pin 
Grid Array (GB) 



GB PACKAGE 
(TOP VIEW) 



1 2 3 4 5 



7 8 9 10 11 



A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 



© 
® 

® 
© 
© 
© 
© 
© 
© 
© 
© 




©©©©©©©©© 
©©©©©©©©© 
© © © © © 

© © 
© © © 
© © © 
© © © 
© © 

© © © © © 

©©©©©©©©© 
©©©©©©©©© 



© 
© 
© 



description 



A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. The SN54ABT7820 is arranged as two 512 x 18-bit FIFOs for high speed and fast access times. 
It processes data at rates from 0 to 67 MHz with access times of 12 ns in a bit-parallel format. 

The SN54ABT7820 consists of bus transceiver circuits, two 512 x 18 FIFOs, and control circuitry arranged for 
multiplexed transmission of data directly from the data bus or from the internal FIFO memories. Enable inputs 
GAB and GBA control the transceiver functions. The SAB and SBA control inputs select whether real-time or 
stored data is transferred. The circuitry used for select control eliminates the typical decoding glitch that occurs 
in a multiplexer during the transition between stored and real-time data. Figure 1 illustrates the eight 
fundamental bus-management functions that can be performed with the SN54ABT7820. 

The SN54ABT7820 is characterized for operation from -55°C to 125°C. 



Widebus is a trademark of Texas Instr uments hicorgorated. 



PRODUCTION DATA information Is current as of publication date. B . Copyright © 1996, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments W* im 

standard warranty. Production processing does not necessarily include Wi TVv A c 

testing of all parameters. _ \j I r^X rVj 
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Terminal Assignments 



TERMINAL 


NAME 


TERMINAL 


NAME 


TERMINAL 


NAME 


TERMINAL 


NAME 


A1 


PENA 


B11 


FULLB 


F9 


NC 


K2 


A11 


A2 


GBA 


C1 


GND 


F10 


B6 


K3 


GND 


A3 


SBA 


C2 


HFA 


F11 


GND 


K4 


vcc 


A4 


LDCKA 


C5 


UNCKB 


G1 


A5 


K5 


GND 


A5 


vcc 


C6 


NC 


G2 


GND 


K6 


A17 


A6 


vcc 


C7 


vcc 


G3 


A4 


K7 


GND 


A7 


vcc 


C10 


HFB 


G9 


B4 


K8 


vcc 


A8 


LDCKB 


C11 


GtiD 


G10 


GND 


K9 


GND 


A9 


SAB 


D1 


A1 


G11 


B5 


K10 


B10 


A10 


GAB 


D2 


AO 


H1 


A7 


K11 


B9 


A11 


AF/AEB 


D10 


BO 


H2 


GND 


L1 


A10 


B1 


FULLA 


D11 


B1 


H10 


GND 


L2 


A12 


B2 


AF/AEA 


E1 


A3 


H11 


B7 


L3 


A13 


B3 


RSTA 


E2 


A2 


J1 


A8 


L4 


A14 


B4 


GND 


E3 


vcc 


J2 


vcc 


L5 


A16 


B5 


EMPTYB 


E9 


vcc 


J5 


A15 


L6 


B15 


B6 


UNCKA 


E10 


B2 


J6 


NC 


L7 


B16 


B7 


EMPTYA 


E11 


B3 


J7 


B17 


L8 


B14 


B8 


GND 


F1 


A6 


J10 


vcc 


L9 


B13 


B9 


rsTb 


F2 


GND 


J11 


B8 


L10 


B12 


B10 


PENB 


F3 


NC 


K1 


A9 


L11 


B11 
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Terminal Functions 



TERMINAL 
NAME 


I/O 


DESCRIPTION 


A0-A17 


I/O 


Port-A data. The 18-bit bidirectional data port for side A. 


AF/AEA 


0 


FIFO A almost-full/almost-empty flag. Depth offset values can be programmed for AF/AEA, or the default value of 128 
can be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AEA is high when FIFO A contains 
X or less words or (512 - Y) or more words. AF/AEA is set high after FIFO A is reset. 


AF/AEB 


0 


FIFO B almost-full/almost-empty flag. Depth offset values can be programmed for AF/AEB, or the default value of 128 
can be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AEB is high when FIFO B contains 
X or less words or (512 - Y) or more words. AF/AEB is set high after FIFO B is reset. 


B0-B17 


I/O 


Port-B data. The 1 8-bit bidirectional data port for side B. 


EMPTYA 


0 


FIFO A empty flag. EMPTYA is low when FIFO A is empty and is high when FIFO A is not empty. EMPTYA is set low 
after FIFO A is reset. 


EMPTYB 


o 


FIFO B empty flag. EMPTYB is low when FIFO B is empty and is high when FIFO B is not empty. EMPTYB is set low 
after FIFO B is reset. 


FULLA 


0 


FIFO A full flag. FULLA is low when FIFO A is full and is high when FIFO A is not full. FULLA is set high after FIFO A 
is reset. 


FULLB 


0 


FIFO B full flag. FULLB is low when FIFO B is full and is high when FIFO B is not full. FULLB is set high after FIFO B 
is reset. 


GAB 


I 


Port-B output enable. B0-B17 outputs are active when GAB is high and are in the high-impedance state when GAB is 
low. 


GBA 


I 


Port-A output enable. A0-A17 outputs are active when GBA is high and are in the high-impedance state when GBA is 
low. 


HFA 


0 


FIFO A half-full flag. HFA is high when FIFO A contains 256 or more words and is low when FIFO A contains 255 or fewer 
words. HFA is set low after FIFO A is reset. 


HFB 


0 


FIFO B half-full flag. HFB is high when FIFO B contains 256 or more words and is low when FIFO B contains 255 or fewer 
words. HFB is set low after FIFO B is reset. 


LDCKA 


I 


FIFO A load clock. Data is written into FIFO A on a low-to-high transition of LDCKA when FULLA is high. The first word 
written into an empty FIFO A is sent directly to the FIFO A data outputs. 


LDCKB 


, 


FIFO B load clock. Data is written into FIFO B on a low-to-high transition of LDCKB when FULLB is high. The first word 
written into an empty FIFO B is sent directly to the FIFO B data outputs. 


PENA 


, 


FIFO A program enable. After reset and before a word is written into FIFO A, the binary value on A0-A7 is latched as 
an AF/AEA offset value when PENA is low and LDCKA is high. 


PENB 


1 


FIFO B program enable. After reset and before a word is written into FIFO B, the binary value on BO— B7 is latched as 
an AF/AEB offset value when PENB is low and LDCKB is high. 


RSTA 




FIFO A reset. A low level on RSTA resets FIFO A forcing EMPTYA low, HFA low, FULLA high, and AF/AEA high. 


RSTB 




FIFO B reset. A low level on RSTB resets FIFO B forcing EMPTYB low, HFB low, FULLB high, and AF/AEB high. 


SAB 




Port-B read select. SAB selects the source of B0-B1 7 read data. A low level selects real-time data from AO- A1 7. A high 
level selects the FIFO A output. 


SBA 




Port-A read select. SBA selects the source of A0-A17 read data. A low level selects real-time data from BO - B17. A 
high level selects the FIFO B output. 


UNCKA 




FIFO A unload clock. Data is read from FIFO A on a low-to-high transition of UNCKA when EMPTYA is high. 


UNCKB 




FIFO B unload clock. Data is read from FIFO B on a low-to-high transition of UNCKB when EMPTYB is high. 
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logic symbolt 



SAB 
SBA 
GAB 
GBA 
RSTA 
PENA 
LDCKA 
UNCKA 
FULLA 
EMPTYA 
AF/AEA 
HFA 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
A11 
A12 
A13 
A14 
A15 
A16 
A17 



A9 



A3 



A10 



A2 



B3 



A1 



A4 



B6 



B1 



B7 



B2 



C2 



MODE 



FIFO 
512x18x2 
SN54ABT7820 



EN1 



EN2 



PROG ENA 



> LDCKA 

> UNCKA 
FULLA 



EMPTYA 
ALMOST-FULL/ 
ALMOST-EMPTY A 

HALF-FULL A 



RESET B 
PROGENB 
LDCKB < 

UNCKB < 
FULLB 

EMPTYB 

ALMOST-FULL/ 
ALMOST-EMPTY B 

HALF-FULL B 



B9 



B10 



A8 



C5 



B11 



B5 



A11 



C10 



RSTB 

PENB 

LDCKB 

UNCKB 

FULLB 

EMPTYB 

AF/AEB 

HFB 



D2 


0 




0 


D10 


D1 




D11 


E2 








E10 


E1 








E11 


G3 








G9 


G1 








G11 


F1 








F10 


H1 








H11 


J1 








J11 


K1 




<f A Data > < BData^> 




K11 


L1 






K10 


K2 








L11 


L2 








L10 


L3 








L9 


L4 








L8 


J5 








L6 


L5 








L7 


K6 


17 




17 


J7 









BO 

B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

B9 

B10 

B11 

B12 

B13 

B14 

B15 

B16 

B17 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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logic diagram (positive logic) 
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Figure 1. Bus-Management Functions 
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SELECT-MODE CONTROL TABLE 



CONTROL 


OPERATION 


SBA SAB 


A BUS 


BBUS 


L L 


Real-time B to A bus 


Real-time A to B bus 


H L 


FIFO B to A bus 


Real-time A to B bus 


L H 


Real-time B to A bus 


FIFO A to B bus 


H H 


FIFO B to A bus 


FIFO A to B bus 



OUTPUT-ENABLE CONTROL TABLE 



CONTROL 


OPERATION 


QBA GAB 


A BUS 


BBUS 


L L 


Isolation/input to A bus 


Isolation/input to B bus 


H L 


A bus enabled 


Isolation/input to B bus 


L H 


Isolation/input to A bus 


B bus enabled 


H H 


A bus enabled 


B bus enabled 



Figure 1. Bus-Management Functions (Continued) 
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timing diagram for FIFO At 



RSTA 




AF/AEA 



SetX = Y = 128 



Empty + X Half-Full Full-Y Full 



Full-Y Half-Full Empty + X Empty 



t SAB = GAB = H, GBA= L 

Operation of FIFO B is identical to that of FIFO A. 
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offset values for AF/AE 

The almost-full/almost-empty (AF/AE) flag of each FIFO has two programmable limits: the almost-empty offset 
value (X) and the almost-full offset value (Y). The offsets of a flag can be programmed from the input of its FIFO 
after it is reset and before any data is written to its memory. An AF/AE flag is high when its FIFO contains X or 
fewer words or (51 2 - Y) or more words. 

To program the offset values for AF/AEA, PENA can be brought low after FIFO A is reset and only when LDCKA 
is low. On the following low-to-high transition of LDCKA, the binary v alue on A0-A7 is stored as the 
almost-empty offset value (X) and the almost-full offset value (Y). Holding PENA low for another low-to-high 
transition of LDCKA reprograms Y to the binary value on A0-A7 at the time of the second LDCKA low-to-high 
transition. 

PENA can be brought back high only when LDCKA is low during the first two LDCKA cycles. PENA can be 
brought high at any time after the second LDCKA pulse returns low. A maximum value of 255 ca n be 
programmed for either X or Y (see Figure 2). To use the default values of X = Y = 1 28 for AF/AEA, PENA must 
be tied high. No data is stored in the FIFO when its AF/AE offsets are programmed. 

The AF/AEB flag is programmed in the same manner. PENB enables LDCKB to program the AF/AEB offset 
values taken from B0-B7. 




Figure 2. Programming X and Y Separately for AF/AEA 
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)t 



Supply voltage range, Vqc • -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to Vqc + 0.5 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, lo 48 mA 

Input clamp current, Iik (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) "~ 50 mA 

Operating free-air temperature range, Ta • . • ■ -55°C to 1 25°C 

Storage temperature range, T stg -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions 





MIN NOM 


MAX 


UNIT 


vcc 


Supply voltage 


4.5 4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


V 


V|L 


Low-level input voltage 


0.8 


V 


V| 


Input voltage 


0 


vcc 


v 


'OH 


High-level output current 


-12 


mA 


"OL 


Low-level output current 


24 


mA 


At/Av 


Input transition rise or fall rate 


5 


ns/V 


t a 


Operating free-air temperature 


-55 


125 


°C 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP* MAX 


UNIT 


V|K 


Vcc = 4.5V, l| = -18mA 


-1.2 


V 


VOH 


Vcc - 4.5 V, l0H=~3mA 


2.5 


V 


Vcc = 5V, l 0 H=-3mA 


3 


Vcc - 4.5 V, Ioh = -12 mA 


2 


vol 


Vcc - 4.5 V, Iol - 24 mA 


0.55 


V 




Vcc - 5.5 V, V|«VccorGND 


±5 


MA 


«OZH§ 


Vcc - 5.5 V, Vq»2.7V 


50 


ma 


"OZL § 


VCC-5.5V, Vq = 0.5V 


-50 


ma 




Vcc - 5.5 V, Vq - 2.5 V 


-40 -100 -180 


mA 


ice 


Vcc - 5.5 V, Iq = 0, V| = VccorGND 


Outputs high 


15 


mA 


Outputs low 


95 


Outputs disabled 


15 


Ci 


Control inputs 


V| = 2.5Vor 0.5 V 


6 


PF 


Co 


Flags 


Vo = 2.5 V or 0.5 V 


4 


PF 


Cj 0 


A or B ports 


Vq = 2.5 V or 0.5 V 


8 


PF 



t All typical values are at Vqc = 5 V, Ta = 25°C. 

§ The parameters loZH and IOZL include the input leakage current. 

^ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) 





MIN MAX 


UNIT 


fclock Clock frequency 


40 


MHz 


t w Pulse duration 


LDCKA, LDCKB high 


9 


ns 


LDCKA, LDCKB low 


9 


UNCKA, UNCKB high 


9 


UNCKA, UNCKB low 


9 


RSTA,RSTBIow 


10 


t su Setup time 


A0-A17 before LDCKAt and B0-B17 before LDCKBT 


4 


ns 


PENA before LDCKAT and PENB before LDCKBT 


6 


LDCKA inactive before RSTA high and LDCKB inactive before RSTB 
high 


4 


t n Hold time 


A0-A17 after LDCKAT and B0-B17 after LDCKBT 


0 


ns 


PENA after LDCKA low and PENB after LDCKB low 


3 


LDCKA inactive after RSTA high and LDCKB inactive after RSTB high 


4 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C[_ = 50 pF (unless otherwise noted) (see Figure 5) 



DA D AUCTCD 


rriUM {IIMrU I / 


1 \J (V/U 1 rU 1 ; 


MIN 


MAX 


1 IMIT 


f max 


LDCK, UNCK 




40 


MHz 


tpd 


LDCKAT, LDCKBT 


B/A 


3 


18 


ns 


UNCKAT, UNCKBt 


3 


15 


tPLH 


LDCKAT, LDCKBT 


EMPTYA EMPTYB 


3 


17 


ns 


tPHL 


UNCKAT, UNCKBT 


3 


16 


tPHL 


RSTA low, RSTB low 


EMPTYA, EMPTYB 


5 


18 


ns 


tPHL 


LDCKAT, LDCKBT 


FULLA, FULLB 


5 


16 


ns 




UNCKAT, UNCKBT 




5 


17 




tPLH 


RSTttlow, 
RSTB low 


FULLA, FULLB 


7 


22 


ns 


tpd 


LDCKAT, LDCKBT 


AF/AEA, AF/AEB 


7 


18 


ns 


UNCKA 1 , UNCKB 1 


7 


18 


tPLH 


RSTA low, RSTB low 


AF/AEA, AF/AEB 


1 


16 


ns 


tPLH 


LDCKAT, LDCKBT 


HFA, HFB 


6 


17 


ns 


tPHL 


UNCKA, UNCKB 


HFA, HFB 


7 


17 


ns 


RSTA low, RSTB low 


1 16 


tpd 


SAB/SBA* 


B/A 


1 12 


ns 


A/B 


1 11 


ten 


GBA/GAB 


A/B 


1 10 


ns 


tdis 


GBA/GAB 


A/B 


1 13 


ns 



t All typical values are at 5 V, » 25°C. 

$ These parameters are measured with the internal output state of the storage register opposite that of the bus input. 
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TYPICAL CHARACTERISTICS 



PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 



typ + 6 



typ + 4 



c 

l 

o 
E 
i— 

& 

I 



o typ + 2 



g 

Q. 

I 



typ 



typ-2 



vcc 
-t a = 

R L = 


= 5V 
25°C 
500 Q 







































































































50 100 150 200 250 
C[_ - Load Capacitance - pF 



300 



Figure 3 

calculating power dissipation 



< 

E 

I 



3 

o 

>» 
a 
a 

3 
0) 

I 



SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 



160 
140 
120 
100 
80 
60 

40 
20 



Ta 

c L 


= 7£ 
= 0 


°C 
PF 










V 


cc = 


:5.5 


V 




































:c = 


5V 


















































*cc 


= 4. 


5V 

























































10 15 20 25 30 35 40 45 50 55 60 65 70 
fciock - Clock Frequency - MHz 
Figure 4 



With lcc(f) taken from Figure 4, the maximum power dissipation (Pj) based on all outputs changing states on 
each read can be calculated by: 

Pt - V C C x iGC(f) + £(Cl x Vcc 2 x W 
where: 

lcc(f) = maximum Ice P© r clock frequency 
C[_ = output capacitive load 
f 0 = data output frequency 
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PARAMETER MEASUREMENT INFORMATION 




LOAD CIRCUIT VOLTAGE WAVEFORMS 

ENABLE AND DISABLE TIMES 



PARAMETER 


R1,R2 


C L t 


S1 


ten 


tpZH 


500 CI 


50 pF 


Open 


tPZL 


Closed 


*dis 


tPHZ 


500 Q 


50 pF 


Open 


tPLZ 


Closed 


tpd 


500 Q 


50 pF 


Open 



t Includes probe and test-fixture capacitance 



Figure 5. Load Circuit and Voltage Waveforms 
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• 


Member of the Texas Instruments 


• 


Input-Ready, Output-Ready, and Half-Full 




wldeDus™ Family 




Flags 


• 


Independent Asynchronous Inputs and 


• 


Cascadable in Word Width and/or Word 




Outputs 




Depth 


• 


1024 Words x 18 Bits 


• 


Fast Access Times of 20 ns With a 50- pF 


• 


Read and Write Operations Can Be 




Load 




Synchronized to Independent System 


• 


High Output Drive for Direct Bus Interface 




Clocks 


• 


Package Options Include 68-Pin Ceramic 


• 


Programmable Almost-Full/Almost-Empty 




PGA (GB) or Space-Saving 68-Pin Ceramic 




Flag 




Quad Flatpack (HV)t 



description 



A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. The SN54ACT781 1 is a 1 024 x 1 8-bit FIFO for high speed and fast access times. It processes data 
at rates up to 28.5 MHz and access times of 20 ns in a bit-parallel format. Data outputs are noninverting with 
respect to the data inputs. Expansion is easily accomplished in both word width and word depth. 

The SN54ACT7811 has normal input-bus-to-output-bus asynchronous operation. The special enable circuitry 
adds the ability to synchronize independent read and write (interrupts, requests) to their respective system 
clock. 

The SN54ACT7811 is characterized for operation from -55°C to 125°C. 

GB PACKAGE 
(TOP VIEW) 





1 


2 


3 


4 


5 


6 


7 


8 


9 


A 




® 


® 


® 


® 


® 


® 


© 


© 


B 


© 


® 


® 


® 


© 


© 


© 


© 


© 


C 


® 


® 


® 


® 




© 


® 


© 


© 


D 


® 


® 


® 








© 


© 


© 


E 


® 


© 












© 


© 


F 


® 


® 


® 








© 


© 


© 


G 


® 


® 


® 


® 




© 


© 


© 


© 


H 


® 


® 


® 


® 


® 


© 


© 


© 


© 


J 


® 


® 


® 


® 


® 


© 


© 


© 


© 



t The SN54ACT7811 HV is not production released. 



Widebus is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA Information Is current as of publication date. mm m Copyright © 1996, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments mim 

standard warranty. Production processing does not necessarily Include — .« — 
testing of all parameters. 
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GB-Package Terminal Assignments 



TERMINAL 


NAME 


TERMINAL 


NAME 


TERMINAL 


NAME 


TERMINAL 


NAME 


A1 


Q15 


B7 


Q5 


F2 


D17 


H8 


DO 


A2 


Q13 


B8 


Q4 


F8 


WRTEN2 


H9 


DAT 


A3 


Q12 


B9 


Q1 


F9 


AF/AE 


J1 


D11 


A4 


Q11 


C1 


RESET 


G1 


D16 


J2 


D10 


A5 


Q10 


C2 


Q16 


G2 


D15 


J3 


D8 


A6 


Q8 


C8 


Q2 


G8 


WRTCLK 


J4 


NC 


A7 


07 


C9 


QO 


G9 


WRTEN1 


J5 


D7 


A8 


Q6 


D1 


OE 


H1 


D14 


J6 


D6 


A9 


Q3 


D9 


HF 


H2 


D13 


J7 


D5 


B1 


OR 


E1 


RDEN1 


H3 


D12 


J8 


D3 


B2 


Q17 


E2 


RDEN2 


H4 


D9 


J9 


D2 


B3 


Q14 


E9 


IR 


H6 


D4 




B5 


Q9 


F1 


RDCLK 


H7 


D1 





Vcc = B4 > C6, C7, D2, D7, E8, G3, G4, G6 GND = B6, C3, C4, D3, D8, F3, F7, G7, H5 
NC = No internal connection 



HV PACKAGEt 
(TOP VIEW) 



^ t- CM 



55 

QQQOOCOCOCO 



LU 



S3 8§£r gt5§5 

QC> O O OOO 



D14 ] 
D13 ] 
D12 ] 
D11 ] 
D10 ] 
D9 ] 

VCC 3 
D8 ] 

GND ] 
D7] 
D6 ] 
D5 ] 
D4 ] 
D3 ] 
D2 ] 
D1 ] 
DO ] 



UUULJUULJULJLJLJLJLJLJULJLJ 

9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61 _, 
10 60 [ 

59 [ 



11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
| 23 
I 24 
25 
26 

27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 

nnnnnnnnnnnnnnnnn 



58 [ 
57[ 
56 [ 
55 [ 
54 [ 
53 [ 
52[ 

51 [ 
50 [ 
49 [ 
48[ 
47[ 
46 [ 
45 [ 
44 [ 



Vcc 

Q14 
Q13 
GND 
Q12 
Q11 

Vcc 

Q10 

Q9 

GND 

Q8 

Q7 

Vcc 

Q6 
Q5 
GND 
Q4 



< 2 — i z z o < z ~~ x n O O z 

cc cc or < 
^ ^ £ 

tThe SN54ACT7811 HV is not production released. 
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logic symbolt 



RESET 
WRTCLK 
WRTEN1 
WRTEN2 
RDCLK 
RDEN1 
OE 
RDEN2 
DAF 

DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 
D10 
D11 
D12 
D13 
D14 
D15 
D16 
D17 



C1 



G8 



G9 



F8 



F1 



E1 



D1 



E2 



H9 



RESET 
> WRTCLK 



FIFO 1024x18 



RDCLK 



& 
EN1 



IN RDY 

WRTEN HALF FULL 

ALMOST FULL/EMPTY 
OUT RDY 



RDEN 



DEF ALMOST FULL 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the GB package. 



E9 



D9 



F9 



B1 







r 




H8 


0 




0 


C9 


H7 




B9 


J9 








C8 


J8 








A9 


H6 








B8 


J7 








B7 


J6 








A8 


J5 








A7 


J3 




| Data^> | Data^> 1 V 




A6 


H4 






B5 


J2 






A5 


J1 








A4 


H3 








A3 


H2 








A2 


H1 








B3 


G2 








A1 


G1 








C2 


F2 


17 




17 


B2 









IR 
HF 

AF/AE 
OR 



Q0 

Q1 

Q2 

Q3 

Q4 

05 

Q6 

Q7 

08 

Q9 

Q10 

Q11 

Q12 

Q13 

Q14 

Q15 

Q16 

017 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 1 4-4 1 



SN54ACT7811 
1024x18 

CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SGAS001 B - FEBRUARY 1 995 - REVISED MARCH 1 996 



functional block diagram 

OE- 



D0-D17 



RDCLK- 
RDEN1 - 
RDEN2- 



WRTCLK- 
WRTEN1 - 
WRTEN2- 



RESET- 



DAF- 



Synchronous 
Read 
Control 



Synchronous 
Write 
Control 



Reset 
Logic 



a v 



Read 
Pointer 



Write 
Pointer 



Status- 
Flag 
Logic 



:> 



Location 1 



Location 2 



1024x18 RAM 



Location 1023 



Location 1024 



Register 




Q0-Q17 



OR 

IR 

HF 

AF/AE 
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Terminal Functions 



TERMINAL!" 
NAME NO. 


I/O 


DESCRIPTION 








AF/AE boundary is defined by the AF/AE offset value (X). This value can be programmed during 
reset, or the default value of 256 can be used. The AF/AE flag is high when the FIFO contains (X + 1 ) 
or fewer words or (1 025 - X) or more words. The AF/AE flag is low when the Fl FO contains between 
(X + 2) and (1024 -X) words. 

Programming procedure for AF/AE - The AF/AE flag is programmed during each reset cycle. The 
AF/AE offset value (X) is either a user-defined value or the default of X = 256. Instructions to program 
AF/AE using both methods are as follows: 


AF/AE 


F9 




User-defined X 


0 


Step 1 : Take DAF from high to low. 

Step 2: If the reset (RESET) input is not already low, take RESET low. 

Step 3: With DAF held low, take RESET high. This defines the AF/AE flag using X. 

Step 4: To retain the current offset for the next reset, keep DAF low. 

Default X 

To redefine the AF/AE flag using the default value of X « 256, hold DAF high during the reset 
cycle. 


DAF 


H9 


I 


Define almost full. The high-to-low transition of DAF stores the binary value of data inputs as the 
AF/AE offset value (X). With DAF held low, a low pulse on the reset (RESET) input defines the AF/AE 
flag using X. 


D0-D17 


F2, G1.G2, 
H1-H4, H6-H8, 
J1-J3.J5-J9 


I 


Data inputs for 1 8-bit-wide data to be stored in the memory. Data lines D0-D8 also carry the AF/AE 
offset value (X) on a high-to-low transition of the DAF input. 


HF 


D9 


0 


Half-full flag. HF is high when the FIFO contains 513 or more words and is low when it contains 512 
or fewer words. 


IR 


E9 


0 


Inrti it.foaHvi flan ID ie hinh u/hon fhfl C\fZ(~\ ie nrttfitll anrl l/^v*/ vt/hon the Ho\/i^A ic -f ■ ill Phirinn racot ID 

inpui ready nag. in is niyii wricii in© nru is noi iuii emu iuw wricii ine ucviucj is iuii. L/uiiiiy icsci, in 

is driven low on the rising edge of the second write clock (WRTCLK) pulse. IR is then driven high on 
the rising edge of the second WRTCLK pulse after RESET goes high. After the FIFO is filled and IR 
is driven low, IR is driven high on the second WRTCLK pulse after the first valid read. 


OE 


D1 


I 


itrM it an^KIa The rloto— r\t it ff\(\ "i "7\ s\i itrM ito ora in fhA hi/th— irYmeHen/^e etete lAihen f^E- io I/mm ^ 

uuipui eriauio. i n© aaia-oui ^wu-- vj i / j ouipuis are in ins nign-irnpeQariC/e siaie wnen uc is low. uc 
must be high before the rising edge of read clock (RDCLK) to read a word from memory. 


OR 


B1 


0 


Output ready flag. OR is high when the FIFO is not empty and low when it is empty. During reset, OR 
is set low on the rising edge of the third read clock (RDCLK) pulse. OR is set high on the rising edge 

r»f the thirri DHfil VC milce tn fWMir after the firct \ue\rt\ ic written intn the FIFO OR io. cet Inw rtn the 

rising edge of the first RDCLK pulse after the last word is read. 


Q0-Q17 


A1-A9,B2,B3, 
B5, B7-B9, C2, 
C8, C9 


0 


r^eto r\i itr\i ite The firet /<iete \ktr\rf\ t/% he l^erlerl int/\ the FIF^^ ie m^v/efl t/"\ the rtoto— f\i it (f\C\ f^17\ 

Uala OUipuiS. I ll© IlfSl uala WOlU IO Do lOaUou IMlO lilc rlrw IS ITlOVoa IO ine uala-OUl ^vJU — W I f ) 

register on the rising edge of the third read clock (RDCLK) pulse to occur after the first valid write. 
The read-enable (RDEN1 , RDEN2) inputs do not affectthis operation. The following data is unloaded 
on the rising edge of RDCLK when RDEN1 , RDEN2, OE, and OR are high. 


RDCLK 


F1 


I 


Read clock. Data is read out of memory on a low-to-high transition at RDCLK if the OR output and 
the OE, RDEN1, and RDEN2 control inputs are high. RDCLK is a free-running clock and functions 

qc the CA/nf^hiYMtWinn f*\f\f*b f/\v ell rleto trencfere sm it rtf the Fl Ff^ f^D ie elof\ rtr*iwen ewn/*hiv\ri/M ioIw lA/it^i 

aa me synoriruiiizing oiuuk 101 an cjaia iiansiers oui oi ine nrw. v^n is cuso unven syncnronousiy wun 
respect to RDCLK. 


RDEN1, 
RDEN2 


E1 
E2 


I 


Read enable. RDEN1 and RDEN2 must be high before a rising edge on RDCLK to read a word out 
of memory. The read enables are not used to read the first word stored in memory. 


RESET 


C1 


I 


Reset. A reset is accomplished by taking RESET low and generating a minimum of four RDCLK and 
WRTCLK cycles. This ensures that the internal read and write pointers are reset and that OR, HF, 
and IR are low and AF/AE is high. The FIFO must be reset upon power up. With DAF input at a low 
level, a low pulse on RESET defines AF/AE using the AF/AE offset value (X), where X is the value 
previously stored. With DAF at a high level, a low-level pulse on RESET defines AF/AE using the 
default value of X = 256. 



t Terminals listed are for the GB package. 
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Terminal Functions (Continued) 



terminal!* 

NAME NO. 


I/O 


DESCRIPTION 


WRTCLK G8 


I 


Write clock. Data is written into memory on a low-to-high transition of WRTCLK if the IR output and 
the WRTEN1 and WRTEN2 control inputs are high. WRTCLK is a free-running clock and functions 
as the synchronizing clock for all data transfers into the FIFO. IR output is also driven synchronously 
with respect to the WRTCLK signal. 


WRTEN1, G9 
WRTEN2 F8 


I 


Write enables. WRTEN1 and WRTEN2 must be high before a rising edge on WRTCLK for a word 
to be written into memory. The write enables do not affect the storage of the AF/AE offset value (X). 



t Terminals listed are for the GB package. 



RESET 
DAF 
WRTCLK 
WRTEN1 
WRTEN2 
D0-D17 
RDCLK 
RDEN1 
RDEN2 
OE 

Q0-Q17 
OR 




mmzmmmmmmm® 




Invalid 



tioitf Care 

ft fj ft i ft ft ft 



AF/AE XWri'tCare'XJ 

V v v v v y vV*| 



HF 
IR 



X Don't Care 

\ ft ft ft ft ft ft 



Store the Value of D0-D8 as X 

t X is the binary value of D0-D8 only. 



Define the AF/AE Flag 
Using the Value of X 



Figure 1. Reset Cycle: Define AF/AE Using the Value of X 
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RESET 
DAP 
WRTCLK 
WRTEN1 
WRTEN2 
D0-D17 
RDCLK 
RDEN1 
RDEN2 
OE 

Q0-Q17 
OR 
AF/AE 
HF 
IR 




Invalid 



•staffs**:*: 



Define the AF/AE Flag 
Using the Value of X = 256 



Figure 2. Reset Cycle: Define AF/AE Using the Default Value 
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RESET 




Figure 3. Write Cycle 
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RESET 



DAF 



WRTCLK 



: _pjT_n4n 41 JT_ H H-n^JT_ H H-n_rL 



WRTEN1 



WRTEN2 



D0-D17 1 W1 ° 2 s 



T 



RDCLK 



^rLn 



RDEN1 



RDEN2 



i r 



1W 



OE 



Q0-Q17 wi \— JT wi X W2 




OR 



AF/AE 



HF 



IR 



~L 



W3 W(x+r 



ly M W k 

)^ W(X+2) W513^^W514 ^ W(1Q24-0Q 



^ ^(1025-xj^W1024^^ W1025 



1 



Figure 4. Read Cycle 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0.5 V to 7 V 

Input voltage, V| 7 V 

Voltage applied to a disabled 3-state output 5.5 V 

Operating free-air temperature range, Ta -55°C to 125°C 

Storage temperature range, T stg -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 



recommended operating conditions 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


V 


V|L 


Low-level input voltage 


0.8 


V 


'OH 


High-level output current 


-8 


mA 


lOL 


Low-level output current 


16 


mA 


T A 


Operating free-air temperature 


-55 


125 


°C 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt 


MAX 


UNIT 


VOH 


Vcc = 4.5 V, 


lOH = - 8 mA 


2.4 


V 


vol 


V C C = 4.5 V, 


lOL = 16 mA 


0.5 


V 


ii 


V C C = 5.5 V, 


V| = Vcc orOV 


±5 


|iA 


IQZ 


Vcc - 5.5 V, 


Vo-VccorOV 


±5 


ma 


icc§ 


V|«Vcc-0.2VorOV 


400 


uA 


One input at 3.4 V, 


Other inputs at Vcc or GND 


1 


mA 




V| = 0 V, 


f = 1 MHz 


4 


pF 


Co 


Vq = 0V, 


f - 1 MHz 


8 


PF 



t All typical values are at Vcc = 5 V, Ta = 25°C. 
§ I cc tested with outputs open 
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timing requirements (see Figures 1 through 8) 





MIM MAY 


1 IMIT 


*clock Clock frequency 


Oft R 
£.0.0 


WlnZ 




Data in (D0-D17) high or low 








WRTCLK high 


I u 






WRTCLK lOW 






t w Pulse duration 


RDCLK high 


in 


ns 


RDCLK low 


■i A 




DAF high 


1 

lU 






WRTEN1, WRTEN2 high or low 








OE, RDEN1, RDEN2 high or low 


1U 






Data in (D0-D17) before WRTCLK I 


5 






WRTEN1 , WRTEN2 high before WRTCLK I 


5 






OE, RDEN1 , RDEN2 high before RDCLK I 


5 




tsu Setup time 


Reset: RESET low before first WRTCLK and RDCLK I T 


( 


ns 




ueiine ftr/nc. uu-uo ueiore UAr^ 


c 
0 






Define AF/AE: DAFi before RESETT 


"7 
/ 






Define AF/AE (default): DAF high before RESETT 


5 






Data in (D0-D17) after WRTCLKT 


1 






WRTEN1 , WRTEN2 high after WRTCLKT 


1 






OE, RDEN1 , RDEN2 high after RDCLKt 


1 




t n Hold time 


Reset: RESET low after fourth WRTCLK and RDCLKTt 


0 


ns 




Define AF/AE: DO - D8 after DAFU 


1 






Define AF/AE: DAF low after RESETT 


0 






Define AF/AE (default): DAF high after RESETT 


1 





t To permit the clock pulse to be utilized for reset purposes 
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switching characteristics over recommended operating free-air temperature range (see Figures 9 
and 10) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


Vqc = 4.5 V to 5.5 V, 

Cl = 50 pF, 

Ri - 500 Q. 

Ta = -55°C to125°C 


UNIT 








MIN MAX 




frnax 


WRTCLK or RDCLK 




28.5 


MHz 


*Dd 


RDCLKT 


AnyQ 


3 20 


ns 


tpd 1 " 




*Dd 


WRTCLKt 


IR 


1 14 


ns 


tpd 


RDCLKT 


OR 


1 14 


ns 


tpd 


WRTCLKT 


AF/AE 


5 24 


ns 


RDCLKT 


5 24 


tPLH 


WRTCLKT 


HF 


5 23 


ns 


tpHL 


RDCLKT 


5 23 


tPLH 


RESET! 


AF/AE 


2 23 


ns 


tPHL 


HF 


3 25 


ten 


OE 


AnyQ 


1 11 


ns 


tdis 


1 14 



t This parameter is measured with Cl - 30 pF (see Figure 5). 



operating characteristics, Vqc = 5 V, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


TYP 


UNIT 


C pc | Power dissipation capacitance per 1 K bits 


C|_«50pF, f = 5MHz 


65 


PF 
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TYPICAL CHARACTERISTICS 



o 
Q 



2 
0. 

I 



TYPICAL PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 



Vcc 

_t a = 


= 5V 
25°C 










R L = 


500 Q 



















































































50 100 150 200 250 
C l- Load Capacitance - pF 

Figure 5 



300 



8 

c 

2 

"§ 

CL 

8 

C 

o 

"5 
a 



TYPICAL POWER DISSIPATION CAPACITANCE 
vs 

SUPPLY VOLTAGE 



68 



67 



65 



i " 

QL 
I 



63 



62 



1 1 

f 1 = 5 MHz 
Ta = 25°C 
















c L 


= 50 


PF 

































































































4.5 4.6 4.7 4.8 4.9 5 5.1 5.2 5.3 5.4 5.5 
Vcc ~ Supply Voltage - V 

Figure 6 



calculating power dissipation 

The maximum power dissipation (Pj) of the SN54ACT7811 can be calculated by: 

Pt = V C C x [>CC + (N x AI CC * dc)] + 2 (C pd x V CC 2 x fj) + E (C L x V CC 2 x f 0 ) 
Where: 

Ice = power-down Ice maximum 

N = number of inputs driven by a TTL device 

A Ice = increase in supply current 

dc = duty cycle of inputs at a TTL high level of 3,4 V 

Cpd = power dissipation capacitance 

Cl = output capacitive load 

fi = data input frequency 

f 0 = data output frequency 
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APPLICATION INFORMATION 



expanding the SN54ACT7811 



The SN54ACT7811 is expandable in width and depth. Expanding in word depth offers special timing 
considerations: 

- After the first data word is loaded into the Fl FO, the word is unloaded, and the OR output goes high after 
(N x 3) RDCLK cycles, where N is the number of devices used in depth expansion. 

- After the FIFO is filled, the I R output goes low, the first word is unloaded, and the I R is driven high after (N 
x 2) write clock cycles, where N is the number of devices used in depth expansion. 



CLOCK 

WRTCLK 
WRTEN1 
WRTEN2 
IR 

D0-D17 



SN54ACT7811 



WRTCLK 


RDCLK 


WRTEN1 


OR 


WRTEN2 


RDEN1 


IR 


RDEN2 




OE 


D0-D17 


Q0-Q17 



■5V 



SN54ACT7811 



WRTCLK 


RDCLK 


WRTEN1 


RDEN1 


WRTEN2 


RDEN2 


IR 


OR 




OE 


D0-D17 


Q0-Q17 



0 



RDCLK 

RDEN1 

RDEN2 

OR 

OE 

Q0-Q17 



Figure 7. Word-Depth Expansion: 2048 Words x 18 Bits, N = 2 



WRTCLK 
WRTEN 



D16-D35 



IR 



D0-D17 



SN54ACT7811 



WRTCLK 
WRTEN 1 
WRTEN2 
IR 



^DO- 



D17 



RDCLK 
RDEN1 
RDEN2 
OR 
OE 

Q0-Q17 



SN54ACT7811 
WRTCLK RDCLK 



WRTEN1 
WRTEN2 
IR 

D0-D17 



RDEN1 
RDEN2 
OR 
OE 

Q0-Q17 



o 



RDCLK 
RDEN 



OE 

Q18-Q35 



OR 



Q0-Q17 



Figure 8. Word-Width Expansion: 1024 Words x 36 Bits 
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From Output 
Under Test 



RL = 500 Q, 



PARAMETER MEASUREMENT INFORMATION 

Input 

C L = 50 pF 



^1.5V 



3V 
0V 



I 



tpd- 



Output 



-t p d 



H 3 V 



ov 



LOAD CIRCUIT TOTEM-POLE OUTPUTS 

Figure 9. Standard CMOS Outputs 



7V 



L R L = 



Input 



1.5 V 



R1 = R2 



S1 



tPZL 



-J 



\ 1.5 V 



3V 



0V 



R1 



From Output 
Under Test 



C L : 



Test 
Point 



Output 



R2 



tPZH -H 



jtPLZ->| N- 

A | I ] ^ «3.5V 

\1.5V \]fJT 

^ - t - vol 

tPHZ ~W W" L o,3V 



Output 




VOH 



LOAD CIRCUIT 



VOLTAGE WAVEFORMS 



PARAMETER 


R1.R2 


c L t 


S1 


ten 


tPZH 


500 Q 


50 pF 


Open 


tPZL 


Closed 


tdis 


tPHZ 


500 Q 


50 pF 


Open 


tPLZ 


Closed 


tpd 


500 Q 


50 pF 


Open 



t Includes probe and test fixture capacitance 
Figure 10. 3-State Outputs (Any Q) 
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Member of the Texas Instruments 
Widebus™ Family 

Independent Asynchronous Inputs and 
Outputs 

Read and Write Operations Can Be 
Synchronized to Independent System 
Clocks 

Programmable Almost-Full/Almost-Empty 
Flag 

Pin-to-Pin Compatible With SN74ACT7882, 
SN74ACT7884, and SN74ACT7811 
Input-Ready, Output-Ready, and Half-Full 
Flags 

PN PACKAGEt 
(TOP VIEW) 

lO O ^ W § 9 CM r QO ^ ^ 

0> 00(5(!5 0 0> U 0000 



• Cascadable in Word Width and/or Word 
Depth 

• Fast Access Times of 13 ns With a 50-pF 
Load 

• High Output Drive for Direct Bus Interface 

• Released as DESC SMD (Standard 
Microcircuit Drawing) 5962-9562701 NXD 

• Qualified as a Military Plastic Device Per 
MIL-PRF-38535 (QML) 

• Available in a Space-Saving 80-Pin Shrink 
Quad Flat (PN) Package 



o 



Q Q 
Z Z ^ 

o o o 

I — II — II — II — II — I 



NC[ 
GND[ 
GND[ 
Q16[ 
Q17[ 

v cc [ 

OR[ 
GND[ 

Vcc E 

RESET[ 
OE[ 
RDEN2 [ 
RDEN1 [ 
RDCLK [ 
GND[ 
D17[ 
D16[ 
D15[ 
NC[ 
NC[ 



80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 



60 ] 
59 ] 
58 ] 
57] 
56 ] 
55 ] 
54 ] 
53 P 
52 

51 P 
50 ] 
49 ] 
48 ] 
47 ] 
46 ] 
45 ] 
44 ] 
43 ] 
42 ] 
41 ] 



v C c 
Vcc 

NC 
Q3 
Q2 
GND 
Q1 
Q0 

]V C C 
HF 
IR 

GND 
GND 
AF/AE 
V C c 

WRTEN2 
WRTEN1 
WRTCLK 
GND 
NC 



21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 

uuuuuuuuuuuuuuuuuuuu 

O ^ CO CM f O O) OCOQNtOlO^nCVlT-OlLLO 

Nc - No internal connection 

t For packaging options other than the PN package, please contact your nearest Tl field sales office or the factory. 



Widebus is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA information Is current as of publication date. m . Copyright © 1995, Texas Instruments Incorporated 
' Texas Instruments 

lecessarlly include W'# TcVAC 

testing of all parameters. 1EX/YS 



Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
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description 

A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. The SN54ACT7881 is organized as 1 024 x 1 8 bits. The SN54ACT7881 processes data at rates up 
to 50 MHz and access times of 1 3 ns in a bit-parallel format. Data outputs are noninverting with respect to the 
data inputs. Expansion is easily accomplished in both word width and word depth. 

The SN54ACT7881 has normal input-bus to output-bus asynchronous operation. The special enable circuitry 
adds the ability to synchronize independent reads and writes to their respective system clocks. 

The SN54ACT7881 is characterized for operation from -55°C to 125°C. 
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logic symbolt 



<D 
FIFO 
1024x18 



RESET 
> WRTCLK 

IN RDY 
HALF FULL 
ALMOST FULL/EMPTY 
OUT RDY 

RDEN 



IR 
HF 

AF/AE 




t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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functional block diagram 

OE— f 



D0-D17 



RDCLK- 
RDEN1- 
RDEN2- 



WRTCLK- 
WRTEN1- 
WRTEN2- 



RESET- 



DAF- 



Synchronous 
Read 
Control 



Synchronous 
Write 
Control 



Reset Logic 



Read 
Pointer 



Write 
Pointer 



z 



Location 1 



Location 2 



RAM 

1024x18 



Status- 
Flag 
Logic 



Register 



Q0-Q17 

OR 

IR 
HF 

AF/AE 
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Terminal Functions 



NAME 


TERMINAL 

NO. 


I/O 


DESCRIPTION 








Almost-full/almost-empty flag. The AF/AE boundary is defined by the almost-full/almost-empty offset 
value (X). This value can be programmed during reset or the default value of 256 can be used. AF/AE 
is high when the FIFO contains (X + 1 ) or less words or (1 025 - X) or more words. AF/AE is low when 
the FIFO contains between (X +2) and (1024 - X) words. 

Programming procedure for AF/AE - The almost-full/almost-empty flag is programmed during each 
reset cycle. The almost-full/almost-empty offset value (X) is either a user-defined value or the default 
of X = 256. Instructions to program AF/AE using both methods are as follows: 


AF/AE 


47 


0 


User-defined X 

Step 1 : Take DAF from high to low. 

Step 2: If RESET is not already low, take RESET low. 

Step 3: With DAF held low, take RESET high. This defines the AF/AE using X. 

Step 4: To retain the current offset for the next reset, keep DAF low. 

Default X 

To redefine AF/AE using the default value of X = 256, hold DAF high during the reset cycle. 


DAF 


39 


I 


Define-almost-full. The high-to-low transition of DAF stores the binary value of data inputs as the 
almost-full/almost-empty offset value (X). With DAF held low, a low pulse on RESET defines the 
almost-full/almost-empty (AF/AE) flag using X. 


D0-D17 


18-16, 27-22, 
29, 38-31 


I 


Data inputs for 1 8-bit-wide data to be stored in the memory. A high-to-low transition of DAF captures 
data for the almost-empty/almost-full offset (X) from D8-D0. 


HF 


51 


0 


Half-full flag. HF is high when the FIFO contains 512 or more words and is low when the number of 
words in memory is less than half the depth of the FIFO. 


IR 


50 


0 


Input-ready flag. IR is high when the FIFO is not full and low when the device is full. During reset, IR 
is driven low on the rising edge of the second WRTCLK pulse. I R is then driven high on the rising edge 
of the second WRTCLK pulse after RESET goes high. After the FIFO is filled and IR is driven low, 
IR is driven high on the second WRTCLK pulse after the first valid read. 


OE 


11 


I 


Output enable. The Q0— Q1 7 outputs are in the high-impedance state when OE is low. OE must be 
high before the rising edge of RDCLK to read a word from memory. 


OR 


7 


0 


Output-ready flag. OR is high when the FIFO is not empty and low when the FIFO is empty. During 
reset, OR is set low on the rising edge of the third RDCLK pulse. OR is set high on the rising edge 
of the third RDCLK pulse to occur after the first word is written into the FIFO. OR is set low on the 
rising edge of the first RDCLK pulse after the last word is read. 


Q0-Q17 


4, 5, 53, 54, 56, 
57,61,64,65, 
67, 68, 70, 71,73, 
74, 77, 78, 80, 


0 


Data outputs. The first data word to be loaded into the FIFO is moved to Q0-Q1 7 on the rising edge 
of the third RDCLK pulse to occur after the first valid write. RDEN1 and RDEN2 do not affect this 
operation. Following data is unloaded on the rising edge of RDCLK when RDEN1 , RDEN2, OE, and 
OR are high. 


RDCLK 


14 


I 


Read clock. Data is read out of memory on the low-to-high transition of RDCLK if OR, OE, RDEN1 , 
and RDEN2 are high. RDCLK is a free-running clock and functions as the synchronizing clock for 
all data transfers out of the FIFO. OR is also driven synchronously with respect to RDCLK. 


RDEN1, 
RDEN2 


CO CM 


I 


Read enable. RDEN1 and RDEN2 must be high before a rising edge on RDCLK to read a word out 
of memory. RDEN1 and RDEN2 are not used to read the first word stored in memory. 


RESET 


10 


I 


Reset. A reset is accomplished by taking RESET low and generating a minimum of four RDCLK and 
WRTCLK cycles. This ensures that the internal read and write pointers are reset and that OR, HF, 
and IR are low, and AF/AE is high. The FIFO must be reset upon power up. With DAF at a low level, 
a low pulse on RESET defines AF/AE using the almost-full/almost-empty offset value (X), where X 
is the value previously stored. With DAF at a high level, a low-level pulse on RESET defines the 
AF/AE flag using the default value of X = 256. 
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Terminal Functions (Continued) 



TERMINAL 
NAME NO. 


I/O 


DESCRIPTION 


WRTCLK 29 


I 


Write clock. Data is written into memory on a low-to-high transition of WRTCLK if IR, WRTEN1 , and 
WRTEN2 are high. WRTCLK is a free-running clock and functions as the synchronizing clock for all 
data transfers into the FIFO. IR is also driven synchronously with respect to WRTCLK. 


WRTEN1, 30 
WRTEN2 31 


I 


Write enable. WRTEN1 and WRTEN2 must be high before a rising edge on WRTCLK for a word to 
be written into memory. WRTEN1 and WRTEN2 do not affect the storage of the almost-full/almost- 
empty offset value (X). 



RESET 




OR 



AF/AE 



HF 



mmm 



A/V v vv VSA4 



Define the AF/AE Flag Using the 
Programmed Value of X 



Store the Value of Data as X 
t X is the binary value on D8-D0. 

Figure 1. Reset Cycle: Define AF/AE Flag Using a Programmed Value of X 
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WRTCLK 



WRTEN1 



WRTEN2 



D0-D17 



RDCLK 



RDEN1 



RDEN2 



OE 



Q0-Q17 




* * x * 



OR 



AF/AE 



Invalfcf 
YYYY 



AA/vvwnAAAJ 



HF 



Define the AF/AE Flag Using 
the Default Value of X = 256 



Figure 2. Reset Cycle: Define AF/AE Flag Using the Default Value of X = 256 
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RESET 



Don't Care 



DAF 
WRTCLK 
WRTEN1 
WRTEN2 

D0-D17 
RDCLK 
RDEN1 
RDEN2 
OE 
Q0-Q17 
OR 
AF/AE 
HF 



-ss — f~ I— u — f Us — f Us — f L 



I W1 I I W2 1 I W3 I I W4 1 m l W(X 2) l a I * I ^ I B 1%X 



I 



W1 



IR 



1_ 



DATA WORD NUMBERS 
FOR FLAG TRANSITIONS 



TRANSITION WORD 


A 


B 


C 


W513 


W(1025-X) 


W1025 



Figure 3. Write Cycle 
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RESET 
DAF 
WRTCLK 
WRTEN1 
WRTEN2 
D0-D17 
RDCLK 
RDEN1 
RDEN2 
OE 
Q0-Q17 
OR 
AF/AE 
HF 
IR 



^44444<^^ 

*_ru_rL_« — n_ n_ 




« — f I w f L_« — f ' — » 



v> — 1/ Vi Kr—n {/ h \r 



DATA WORD NUMBERS FOR FLAG TRANSITIONS 



TRANSITION WORD 


A 


B 


C D 


E 


F 


W513 


W514 


W(1024-X) W(1025-X) 


W1024 


W1025 




Figure 4. Read Cycle 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc ••■ -0.5 V to 7 V 

Input voltage, V| 7 V 

Voltage applied to a disabled 3-state output , . 5.5 V 

Operating free-air temperature range, TX -55°C to 1 25°C 

Storage temperature range, T stg -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 



recommended operating conditions 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


V 


V|L 


Low-level input voltage 


0.8 


V 


'OH 


High-level output current 


-8 


mA 


lOL 


Low-level output current 


16 


mA 


T A 


Operating free-air temperature 


-55 


125 


°C 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP* 


MAX 


UNIT 


VOH 


VQC = 4.5 V, 


Iqh = - 8 mA 


2.4 


V 


vol 


VCC = 4.5 V, 


IOL=16mA 


0.5 


V 


ii 


V C C - 5.5 V, 


V| = Vcc orO 


±5 


uA 


ioz 


V C C = 5.5 V, 


v O - V CC or 0 


±5 


MA 


"cc§ 


V| = Vcc-0.2VorO 


400 


HA 


One input at 3.4 V, 


Other inputs at Vcc or G ND 


1.2 


mA 




V| = 0, 


f « 1 MHz 


4 


PF 


c 0 


Vq = 0, 


f = 1 MHz 


8 


PF 



$ All typical values are at Vcc = 5 V, T A = 25°C. 
§ Ice tested with outputs open 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 4) 





MIN MAX 


UNIT 


f c lock Clock frequency 


50 


MHz 




WRTPI VC hinh 

vvn i oi_r\ nign 


7 






Vvn 1 OLrv IOW 


7 




iyy ruise a u ran on 


□ nn VC hinh 


7 


ns 




□ npi VC InvA/ 
nUuLi\ low 


7 






HAP hinh 

Unr nign 


7 






uu— ui# oeiore vvniuLM 


5 






WRTPM1 W/PTPM9 hinh hafnra WPTPI k"t 

vvn i crvi i , vvn i ciN^ nign oeiore vvn i oi_i\ i 


5 






OP PnPM1 RnPMO hinh hafnra RnPI VCt 

\jc, nuciN i , nuciN^ nign oeiore nuoLiv i 


5 




tsu Setup time 


□ ac a(> PPQPT hAfnra fire* \A/QTfN VCt anH DnPI kT+ 

nesei. ncoc i low oeiore iirsx vvn i OLrv I ana nuoLi\ i i 


6* 






Define AF/AE: D0-D8 before DAFi 


5 






Define AF/AE: DAF^ before RESETT 


5 






Define AF/AE (default): DAF high before RESETT 


5 






D0-D17afterWRTCLKt 


0 






WRTEN1 , WRTEN2 high after WRTCLKT 


0 






OE, RDEN1, RDEN2 high after RDCLKt 


0 




t h Hold time 


Reset: RESET low after fourth WRTCLKT and RDCLKTT 


0* 


ns 




Define AF/AE: DO- D8 after DARl 


1 






Define AF/AE: DAF low after RESETT 


0 






Define AF/AE (default): DAF high after RESETT 


0 





* These parameters are not production tested on product compliant to MIL-PRF-38535. 
t To permit the clock pulse to be utilized for reset purposes 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, Cl = 50 pF (unless otherwise noted) (see Figures 7 and 8) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


MIN 


MAX 


UNIT 


fmax 


WRTCLK or RDCLK 




50 


MHz 


tpd 


RDCLKT 


Any Q 


3 


13 


ns 


tpd* 




tpd 


WRTCLKT 


IR 


2 


9.5 


ns 


tpd 


RDCLKT 


OR 


2 


9.5 


tpd 


WRTCLKT 


AF/AE 


6 19 


ns 


RDCLKT 


6 


19 


tPLH 


WRTCLKT 


HF 


6 


17 


ns 


tPHL 


RDCLKT 


6 


17 


tPLH 




AF/AE 


3 


17 


ns 


tPHL 


RESETi 


HF 


3 


19 


ten 


OE 


Any Q 


2 


11 


ns 


tdis 


2 


14 



^This parameter is measured with Cl = 30 pF (see Figure 5). 
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operating characteristics, Vqc = 5 V, T A = 25°C 



PARAMETER 


TEST CONDITIONS 


TYP 


UNIT 


Cpd Power dissipation capacitance per 1 K bits 


C|_ = 50pF, f-5MHz 


65 


PF 



TYPICAL CHARACTERISTICS 



PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 



2 



vcc 
-Rl = 
t a = 


= 5V 
500 Q 










25°C 



















































































10 l 1 1 1 _J 1 

0 50 100 150 200 250 300 



C|_ - Load Capacitance - pF 
Figure 5 
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TYPICAL CHARACTERISTICS 
POWER DISSIPATION CAPACITANCE 



vs 

SUPPLY VOLTAGE 



68 



8 



fl = 

ta 


I 

5 MHz 
= 25°C 
















= ou 



































































































4.5 4.6 4.7 4.8 4.9 5 5.1 5.2 5.3 5.4 5.5 



Vcc - Supply Voltage - V 
Figure 6 



calculating power dissipation 

The maximum power dissipation (Pj) of the SN54ACT7881 can be calculated by: 

PT - V CC x HCC + (N x AI CC x dc)] + I(C pd x V CC 2 x f j) + I(C L x V CC 2 x f 0 j 
where: 

Ice = power-down Ice maximum 

N = number of inputs driven by a TTL device 

Alec = increase in supply current 

dc = duty cycle of inputs at a TTL high level of 3.4 V 

C pc | = power dissipation capacitance 

Cl = output capacitive load 

f l = data input frequency 

f 0 = data output frequency 
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PARAMETER MEASUREMENT INFORMATION 



v Load 




LOAD CIRCUIT 

Figure 7. Standard CMOS Outputs 



VLoad 




VOLTAGE WAVEFORMS 



PARAMETER 


'OL 


«OH 


VLoad 


c L t 

(typical) 


tPZH 


8 mA 


8 mA 


OV 


20 pF 


tPZL 


8 mA 


8 mA 


3.5 V 


20 pF 


tPHZ 


8 mA 


8 mA 


1.5 V 


20 pF 


tPLZ 


8 mA 


8 mA 


1.5V 


20 pF 


tPD 


16 mA 


8 mA 


1.5V 


20 pF 



t Includes probe and test-fixture capacitance 
Figure 8. 3-State Outputs (Any Q) 
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APPLICATION INFORMATION 

expanding the SN54ACT7881 

The SN54ACT7881 is expandable in both word width and word depth. Word-depth expansion is accomplished 
by connecting the devices in series such that data flows through each device in the chain. Figure 9 shows two 
SN54ACT7881 devices configured for word-depth expansion. The common clock between the devices can be 
tied to either the write clock (WRTCLK) of the first device or the read clock (RDCLK) of the last device. The 
output-ready flag (OR) of the previous device and the input-ready flag (IR) of the next device maintain data flow 
to the last device in the chain whenever space is available. 

Figure 1 0 shows two SN54ACT7881 devices in word-width expansion. Word-width expansion is accomplished 
by simply connecting all common control signals between the devices and creating composite input-ready (IR) 
and output-ready (OR) signals. The almost-full/almost-empty flag (AF/AE) and half-full flag (HF) can be sampled 
from any one device. Word-depth expansion and word-width expansion can be used together. 



CLK 

WRTCLK 
WRTEN1 
WRTEN2 
IR 

D0-D17 



SN54ACT7881 



WRTCLK RDCLK 
WRTEN1 OR 
WRTEN2 RDEN1 
IR RDEN2 
OE 

D0-D17 Q0-Q17 



SN54ACT7881 



5V 



V 



WRTCLK RDCLK 
WRTEN1 RDEN1 
WRTEN2 RDEN2 
IR OR 
OE 

D0-D17 Q0-Q17 



RDCLK 

RDEN1 

RDEN2 

OR 

OE 

Q0-Q17 



Figure 9. Word-Depth Expansion: 2048/4096/8192 Words x 18 Bits, N = 2 



WRTCLK 
WRTEN 



D18-D35 



IR- 



D0-D17 



SN54ACT7881 



V 



WRTCLK 
WRTEN1 
WRTEN2 
IR 

D0-D17 



RDCLK 
RDEN1 
RDEN2 
OR 
OE 
Q0-Q17 



SN54ACT7881 



WRTCLK 
WRTEN1 
WRTEN2 
IR 

D0-D17 



RDCLK 
RDEN1 
RDEN2 
OR 
OE 
Q0-Q17 



RDCLK 
RDEN 



OE 

Q18-Q35 



OR 



:> 



Q0-Q17 



Figure 10. Word-Width Expansion: 1024 Words x 36 Bits 
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• Free-Running CLKA and CLKB Can Be 
Asynchronous or Coincident 

• Two Independent 64 x 36 Clocked FIFOs 
Buffering Data in Opposite Directions 

• Mailbox Bypass Register for Each FIFO 

• Dynamic Port-B Bus Sizing of 36 Bits (Long 
Word), 18 Bits (Word), and 9 Bits (Byte) 

• Selection of Big- or Little-Endian Format for 
Word and Byte Bus Sizes 

• Three Modes of Byte-Order Swapping on 
PortB 

• Almost-Full and Almost-Empty Flags 

• Microprocessor Interface Control Logic 

• EFA, FFA, AEA, and AFA Flags 
Synchronized by CLKA 

description 



• EFB, FFB, AEB, and AFB Flags 
Synchronized by GLKB 

• Passive Parity Checking on Each Port 

• Parity Generation Can Be Selected for Each 
Port 

• Low-Power Advanced BiCMOS Technology 

• Supports Clock Frequencies up to 50 MHz 

• Fast Access Times of 12 ns 

• PCB Package Released as DESC SMD 
(Standard Microcircuit Drawing) 
5962-9560901 NXD 

• PCB Package Qualified as a Military Plastic 
Device Per MIL-PRF-38535 (QML) 

• Package Options Include Space-Saving 
120-Pin Thin Quad Flat (PCB) and 132-Pin 
Ceramic Pin Grid Array (GB) Packages 



The SN54ABT361 4 is a high-speed, low-power BiCMOS bidirectional clocked FIFO memory. It supports clock 
frequencies up to 50 MHz and has read-access times as fast as 1 2 ns. Two independent 64 x 36 dual-port SRAM 
FIFOs in this device buffer data in opposite directions. Each FIFO has flags to indicate empty and full conditions 
and two programmable flags (almost full and almost empty) to indicate when a selected number of words is 
stored in memory. FIFO data on port B can be input and output in 36-bit, 1 8-bit, and 9-bit formats with a choice 
of big- or little-endian configurations. Three modes of byte-order swapping are possible with any bus-size 
selection. Communication between each port can bypass the FIFOs via two 36-bit mailbox registers. Each 
mailbox register has a flag to signal when new mail has been stored. Parity is checked passively on each port 
and can be ignored if not desired. Parity generation can be selected for data read from each port. 

The SN54ABT3614 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable 
signals. The continuous clocks for each port are independent of one another and can be asynchronous or 
coincident. The enables for each port are arranged to provide a simple bidirectional interface between 
microprocessors and/or buses controlled by a synchronous interface. 

The full flag and almost-full flag of a FIFO are two-stage synchronized to the port clock that writes data to its 
array. The empty flag and almost-empty flag of a FIFO are two-stage synchronized to the port clock that reads 
data from its array. 

The SN54ABT3614 is characterized for operation from -55°C to 125°C. 



PRODUCTION DATA Information is current as of publication date. m Copyright © 1996, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments Wim 

standard warranty. Production processing does not necessarily include MP "T^-*#- . — 

testing of all parameters. yf 1EXAS 
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PCB PACKAGE 
(TOP VIEW) 



• locdOnoooS; Or- 



£j « a ja 



8»5 

O OQC 



A23 
A22 
A21 
GND 
A20 
A19 
A18 
A17 
A16 
A15 
A14 
A13 
A12 
A11 
A10 
GND 
A9 
A8 
A7 

V C C 
A6 
A5 
A4 
A3 

GND 
A2 
A1 
AO 

EFA 

AEA 



i oo I s - Oco 

"I CM QCM 

i co > co 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 



I CM t- o§ o> 
CQ 



if)rt CO 
CM CM CM 
CQ CO CO 



C 1 1 

C 2 

C 3 

C 4 

C 5 

C 6 

C 7 

C 8 

C 9 

C 10 
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Terminal Assignments 
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Terminal Assignments (Continued) 
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functional block diagram 
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Terminal Functions 



PIN NAME 


I/O 


DESCRIPTION 


A0-A35 


I/O 


Port-A data. The 36-bit bidirectional data port for side A. 


AEA 


0 

(port A) 


Port-A almost-empty flag. Programmable almost-empty flag synchronized to CLKA. AEA is low when the number of 
36-bit words in FIF02 is less than or equal to value in offset register X. 


AEB 


0 

(port B) 


Port-B almost-empty flag. Programmable almost-empty flag synchronized to CLKB. AEB is low when the number of 
36-bit words in FIF01 is less than or equal to value in offset register X. 


AFA 


0 

(port A) 


Port-A almost-full flag. Programmable almost-full flag synchronized to CLKA. AFA is low when the number of 36-bit 
empty locations in FIF01 is less than or equal to the value in offset register X. 


AFB 


0 

(port B) 


Port-B almost-full flag. Programmable almost-full flag synchronized to CLKB. AFB is low when the number of 36-bit 
empty locations in FIF02 is less than or equal to the value in offset register X. 


B0-B35 


I/O 


Port-B data. The 36-bit bidirectional data port for side B. 


BE 




Big-endian select. Selects the bytes on port B used during byte or word data transfer. A low on BE selects the most 
significant bytes on B0-B35 for use, and a high selects the least significant bytes. 


CLKA 




Port-A clock. CLKA is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to CLKB. EFA, FFA, AFA, and AEA are synchronized to the low-to-high transition of CLKA. 


CLKB 




Port-B clock. CLKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
or coincident to CLKA. Port-B byte swapping and data port sizing operations are also synchronous to the low-to-high 
Transition ot oLrxo. cro, rro, Mro, ana mcd are syncnronizea io xne low-io-nign iransiiion ot olivd. 


CSA 


■ 


Port-A chip select. CSA must be low to enable a low-to-high transition of CLKA to read or write data on port A. The 
A0-A35 outputs are in the high-impedance state when CSA is high. 


CSB 




Port-B chip select. CSB must be low to enable a low-to-high transition of CLKB to read or write data on port B. The 
B0-B35 outputs are in the high-impedance state when CSB is high. 


EFA 


U 

(port A) 


Port-A empty flag. EFA is synchronized to the low-to-high transition of CLKA. When EFA is low, FIF02 is empty and 
reads from its memory are disabled. Data can be read from FIF02 to the output register when EFA is high. EFA is forced 
low when the device is reset and is set high by the second low-to-high transition of CLKA after data is loaded into empty 
FIF02 memory. 


EFB 


0 

(port B) 


Port-B empty flag. EFB is synchronized to the low-to-high transition of CLKB. When EFB is low, FIF01 is empty and 
reads from its memory are disabled. Data can be read from FIF01 to the output register when EFB is high. EFB is forced 
low when the device is reset and is set high by the second low-to-high transition of CLKB after data is loaded into empty 
FIF01 memory. 


ENA 


I 


Port-A enable. ENA must be high to enable a low-to-high transition of CLKA to read or write data on port A. 


ENB 


I 


Port-B enable. ENB must be high to enable a low-to-high transition of CLKB to read or write data on port B. 


FFA 


0 

(port A) 


Port-A full flag. FFA is synchronized to the low-to-high transition of CLKA. When FFA is low, FIF01 is full and writes to 
its memory are disabled. FFA is forced low when the device is reset and is set high by the second low-to-high transition 

rtf C*.l J^A off or ret cat 


FFB 


0 

(port B) 


Port-B full flag. FFB is synchronized to the low-to-high transition of CLKB. When FFB is low, FIF02 is full and writes to 
its memory are disabled. FFB is forced low when the device is reset and is set high by the second low-to-high transition 
oi wLr\D aiier reset. 


FS1.FS0 


I 


Flag offset selects. The low-to-high transition of RST latches the values of FSO and FS1 , which selects one of four preset 
values for the almost-empty flag and almost-full flag offset. 


MBA 


I 


Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A read or write operation. When the 
A0-A35 outputs are active, a high level on MBA selects data from the mail2 register for output and a low level selects 
FIF02 output register data for output. 


MBFT 


0 


MaiM register flag. MBF1 is set low by the low-to-high transition of CLKA that writes data to the main register. Writes 
to the main register are inhibited while MBF1 is low. MBF1 is set high by a low-to-high transition of CLKB when a port-B 
read is selected and both SIZ1 and SIZO are high. MBF1 is set high when the device is reset. 


MBF2 


0 


Mail2 register flag. MBF2 is set low by the low-to-high transition of CLKB that writes data to the mail2 register. Writes 
to the mail2 register are inhibited while MBF2 is low. MBF2 is set high by a low-to-high transition of CLKA when a port-A 
read is selected and MBA is high. MBF2 is set high when the device is reset. 
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Terminal Functions (Continued) 



PIN NAME 


I/O 


DESCRIPTION 


ODD/ 
EVEN 


I 


Odd/even parity select. Odd parity is checked on each port when ODD/EVEN is high and even parity is checked when 
ODD/EVEN is low. ODD/EVEN also selects the type of parity generated for each port if parity generation is enabled 
for a read operation. 


PEFA 


o 

(port A) 


Port-A parity-error flag. When any byte applied to terminals AO- A35 fails parity, PEFA is low. Bytes are organized as 
A0-A8, A9-A17, A18-A26, and A27-A35, with the most significant bit of each byte serving as the parity bit. The 
type of parity checked is determined by the state of ODD/EVEN. 

The parity trees used to check the AO - A35 inputs are shared by the mail2 register to generate parity if parity generation 
is selected by PGA; therefore, if a mail2 read with parity generation is set up by having W/RA low, MBA high, and PGA 
high, the PEFA flag is forced high regardless of the state of the AO- A35 inputs. 


PEFB 


0 

(port B) 


Port-B parity-error flag. When any valid byte applied to terminals BO - B35 fails parity, PEFB is low. Bytes are organized 
as B0-B8, B9-B17, B18-B26, and B27-B35, with the most significant bit of each byte serving as the parity bit. A 
byte is valid when it is used by the bus size selected for port B. The type of parity checked is determined by the state 
of ODD/EVEN. 

The parity trees used to check the BO - B35 inputs are shared by the mail 1 register to generate parity if parity generation 
is selected by PGB; therefore, if a maih read with parity generation is set up by having W/RB low, SIZ1 and SIZO high, 
and PGB high, the PEFB flag is forced high regardless of the state of the BO- B35 inputs. 


PGA 


I 


Port-A parity generation. Parity is generated for data reads from port A when PGA is high. The type of parity generated 
is selected by the state of ODD/EVEN. Bytes are organized as A0-A8, A9-A17, A18-A26, and A27-A35. The 
generated parity bits are output in the most significant bit of each byte. 


PGB 


I 


Port-B parity generation. Parity is generated for data reads from port B when PGB is high. The type of parity generated 
is selected by the state of ODD/EVEN. Bytes are organized as B0-B8, B9-B17, B18-B26, and B27-B35. The 
generated parity bits are output in the most significant bit of each byte. 


RST 


I 


Reset. To reset the device, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur 
while RST is low. This sets AFA, AFB, MBF1, and MBF2 high and EFA, EFB, AEA, AEB, FFA, and FFB low. The 
low-to-high transition of RST latches the status of the FS1 and FSO inputs to select almost-full flag and almost-empty 
flag offset. 


OIZ.U, OlZ. 1 


I 

(port B) 


Port-B bus-size selects. The low-to-high transition of CLKB latches the states of SIZO, SIZ1 , and BE, and the following 
low-to-high transition of CLKB implements the latched states as a port-B bus size. Port-B bus sizes can be long word, 
word, or byte. A high on both SIZO and SIZ1 accesses the mailbox registers for a port-B 36-bit write or read. 


SWO, SW1 


I 

(port B) 


Port-B byte-swap selects. At the beginning of each long word transfer, one of four modes of byte-order swapping is 
selected by SWO and SW1 . The four modes are no swap, byte swap, word swap, and byte-word swap. Byte-order 
swapping is possible with any bus-size selection. 


W/RA 


I 


Port-A write/read select. W/RA high selects a write operation and a low selects a read operation on port A for a 
low-to-high transition of CLKA. The A0-A35 outputs are in the high-impedance state when W/RA is high. 


W/RB 


I 


Port-B write/read select. W/RB high selects a write operation and a low selects a read operation on port B for a 
low-to-high transition of CLKB. The B0-B35 outputs are in the high-impedance state when W/RB is high. 



detailed description 
reset 

The SN54ABT361 4 is reset by taking the reset (RST) input low for at least four port-A clock (CLKA) and four 
port-B clock (CLKB) low-to-high transitions. The reset input can switch asynchronously to t he clocks. A device 
reset initializ es the inte rnal read and write pointers of each FIF O and forces the full flags (FF A, FFB) lo w, the 
empty flags (EFA, EFB) low, the almos t-empt y flags ( AEA, AEB) low, and the almost-full flags (AFA, AFB) high. 
A reset also forces the mailbox flags (MBF1 , MBF2) high. After a reset, FFA is set high after two low-to-high 
transitions of CLKA and FFB is set high after two iow-to-high transitions of CLKB. The device must be reset after 
power up before data is written to its memory. 

A low-to-high transition on RST loads the almost-full and almost-empty offset register (X) with the value selected 
by the flag-select (FSO, FS1) inputs. The values that can be loaded into the register are shown in Table 1 . 
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reset (continued) 



Table 1. Flag Programming 



FS1 


FSO 


RSt 


ALMOST-FULL AND 
ALMOST-EMPTY FLAG 
OFFSET REGISTER (X) 


H 


H 


T 


16 


H 


L 


T 


12 


L 


H 


T 


8 


L 


L 


T 


4 



FIFO write/read operation 

The state of the port-A data (A0-A35) outputs is controlled by the port-A chip select (CSA ) and the port-A 
write/read select (W/RA). The A0-A35 outputs a re in the high-impedance state when either CSA or W/RA is 
high. The A0-A35 outputs are active when both CSA an d W/R A are lowJData is loaded into FIF01 from the 
A0-A36 inputs on a low-to-high transition of CLKA when CSA is low, W/RA is high, ENA is high, MBA i s low, 
and FFA ishigh. Data is read from FIF02 to the A0-A35 outputs by a low-to-high transition of CLKA when CSA 
is low, W/RA is low, ENA is high, MBA is low, and EFA is high (see Table 2). 



Table 2. Port-A Enable Function Table 



CSA 


W/RA 


ENA 


MBA 


CLKA 


A0-A35 OUTPUTS 


PORT FUNCTION 


H 


X 


X 


X 


X 


In high-impedance state 


None 


L 


H 


L 


X 


X 


In high-impedance state 


None 


L 


H 


H 


L 


T 


In high-impedance state 


FIF01 write 


L 


H 


H 


H 


T 


In high-impedance state 


MaiH write 


L 


L 


L 


L 


X 


Active, FIF02 output register 


None 


L 


L 


H 


L 


T 


Active, FIF02 output register 


FIF02 read 


L 


L 


L 


H 


X 


Active, mail2 register 


None 


L 


L 


H 


H 


T 


Active, mai!2 register 


Mail2read (set MBF2 high) 



The state of the portj* data (B0-B35) outputs is controlled by the port-B chip select (CSB) and the port-B 
write/read select (W/RB). The B0-B35 outputs a re in the high-impedance state when either CSB or W/RB is 
high. The B0-B35 outputs are active when both CSB an d W/R B are low^Data is loaded into FIF02 from the 
B0-B35 inputs on a low-to-high transition of CLKB when CSB is low, W/RB is high, ENB is high, FFB is high, 
and either SIZOor SIZ1 is low. Data is read from F IFQ1 to the B0-B35 outputs by a low-to-high transition of 
CLKB when CSB is low, W/RB is low, ENB is high, EFB is high, and either SIZO or SIZ1 is low (see Table 3). 

The setup- _and hojd-time constraints to the port clocks for the port chip selects (CSA, CSB) and write/read 
selects (W/RA, W/RB) are only for enabling write and read operations and are not related to high-impedance 
control of the data outputs. If a port enable is low during a clock cycle, the port chip select and write/read select 
can change states during the setup- and hold-time window of the cycle. 
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FIFO writer/read operation (continued) 



Table 3. Port-B Enable Function Table 



CSB 


W/RB 


ENB 


SIZ1,SIZ0 


CLKB 


B0-B35 OUTPUTS 


PORT FUNCTION 


H 


X 


X 


X 


X 


In high-impedance state 


None 


L 


H 


L 


X 


X 


In high-impedance state 


None 


L 


H 


H 


One, both low 


T 


In high-impedance state 


FIF02 write 


L 


H 


H 


Both high 


T 


In high-impedance state 


Mail2 write 


L 


L 


L 


One, both low 


X 


Active, FIF01 output register 


None 


L 


L 


H 


One, both low 


T 


Active, FIF01 output register 


FIF01 read 


L 


L 


L 


Both high 


X 


Active, maih register 


None 


L 


L 


H 


Both high 


T 


Active, mail! register 


Maih read (set MBFT high) 



synchronized FIFO flags 

Each FIFO flag is synchronized to its port clock through two flip-flop stages. This is done to improve flag reliability 
by reducing the probability of metastable events on the output when CLKA and CLKB operate asynchronously 
to one another (see the application report Metastability Performance of Clocked F IFOs in t he 1 996 
High-Performance FIFO Memories Data Book, litera ture number SCAD003C). EFA, AEA, FFA, and AFA are 
synchronized to CLKA. EFB, AEB, FFB, and AFB are synchronized to CLKB. Tables 4 and 5 show the 
relationship of each port flag to FIF01 and FIF02. 



Table 4. FIF01 Flag Operation 



NUMBER OF 36-BIT 
WORDS IN FIFOlt 


SYNCHRONIZED 
TO CLKB 


SYNCHRONIZED 
TO CLKA 


1FB 


AEB 


AFA 


FFA 


0 


L 


L 


H 


H 


1 toX 


H 


L 


H 


H 


(X + 1)to [64-(X + 1)] 


H 


H 


H 


H 


(64 -X) to 63 


H 


H 


L 


H 


64 


H 


H 


L 


L 



t X is the value in the almost-empty flag and almost-full flag offset register. 



Table 5. FIF02 Flag Operation 



NUMBER OF 36-BIT 
WORDS IN FIF02T 


SYNCHRONIZED 
TO CLKA 


SYNCHRONIZED 
TO CLKB 


IFA 


AEA 


AFB 


FFB 


0 


L 


L 


H 


H 


1 toX 


H 


L 


H 


H 


(X + 1)to[64-(X + 1)] 


H 


H 


H 


H 


(64 -X) to 63 


H 


H 


L 


H 


64 


H 


H 


L 


L 



t X is the value in the almost-empty flag and almost-full flag offset register. 
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empty flags (EFA, EFB) 

The empty flag of a FIFO is synchronized to the port clock that reads data from its array. When the empty flag 
is high, new data can be read to the FIFO output register. When the empty flag is low, th e FIF O is empty and 
attempted FIFO reads are ignored. When reading FIF01 with a byte or word size on port B, EFB is set low when 
the fourth byte or second word of the last long word is read. 

The read pointer of a FIFO is incremented each time a new word is clocked to the output register. The state 
machine that controls an empty flag monitors a write-pointer and read-pointer comparator that indicates when 
the FIFO SRAM status is empty, empty+1 , or empty+2. A word written to a FIFO can be read to the FIFO output 
register in a minimum of three cycles of the empty flag synchronizing clock; therefore, an empty flag is low if 
a word in memory is the next data to be sent to the FIFO output register and two cycles of the port clock that 
reads data from the FIFO have not elapsed since the time the word was written. The empty flag of the FIFO is 
set high by the second low-to-high transition of the synchronizing clock and the new data word can be read to 
the FIFO output register in the following cycle. 

A low-to-high transition on an empty-flag synchronizing clock begins the first synchronization cycle of a write 
if the clock transition occurs at time t S |<i , or greater, after the write. Otherwise, the subsequent clock cycle can 
be the first synchronization cycle (see Figures 13 and 14). 

full flags (FFA, ~FFB) 

The full flag of a FIFO is synchronized to the port clock that writes data to its array. When the full flag is high, 
a memory location is free in the SRAM to receive new data. No memory locations are free when the full flag is 
low and attempted writes to the FIFO are ignored. 

Each time a word is written to a FIFO, the write pointer is incremented. The state machine that controls a full 
flag monitors a write-pointer and read-pointer comparator that indicates when the FIFO SRAM status is full, 
full — 1 , or full-2. From the time a word is read from a FIFO, the previous memory location is ready to be written 
in a minimum of three cycles of the full-flag synchronizing clock; therefore, a full flag is low if less than two cycles 
of the full-flag synchronizing clock have elapsed since the next memory write location has been read. The 
second low-to-high transition on the full-flag synchronizing clock after the read sets the full flag high and data 
can be written in the following clock cycle. 

A low-to-high transition on a full-flag synchronizing clock begins the first synchronization cycle of a read if the 
clock transition occurs at time t S | <1 , or greater, after the read. Otherwise, the subsequent clock cycle can be the 
first synchronization cycle (see Figures 1 5 and 16). 

almost-empty flags (AEA, AEB) 

The almost-empty flag of a FIFO is synchronized to the port clock that reads data from its array. The state 
machine that controls an almost-empty flag monitors a write-pointer and read-pointer comparator that indicates 
when the FIFO SRAM status is almost empty, almost empty+1 , or almost empty+2. The almost-empty state is 
defined by the value of the almost-full and almost-empty offset register (X). This register is loaded with one of 
four preset values during a device reset (see reset). An almost-empty flag is low when the FIFO contains X or 
less long words in memory and is high when the FIFO contains (X + 1 ) or more long words. 

Two low-to-high transitions of the almost-empty flag synchronizing clock are required after a FIFO write for the 
almost-empty flag to reflect the new level of fill; therefore, the almost-empty flag of a FIFO containing (X + 1) 
or more long words remains low if two cycles of the synchronizing clock have not elapsed since the write that 
filled the memory to the (X + 1) level. An almost-empty flag is set high by the second low-to-high transition of 
the synchronizing clock after the FIFO write that fills memory to the (X + 1 ) level. A low-to-high transition of an 
almost-empty flag synchronizing clock begins the first synchronization cycle if it occurs at time t S |<2, or greater, 
after the write that fills the FIFO to (X + 1 ) long words. Otherwise, the subsequent synchronizing clock cycle can 
be the first synchronization cycle (see Figures 17 and 18). 
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almost-full flags (AFA, AFB) 

The almost-full flag of a FIFO is synchronized to the port clock that writes data to its array. The state machine 
that controls an almost-full flag monitors a write-pointer and read-pointer comparator that indicates when the 
FIFO SRAM status is almost full, almost full— 1 , or almost full-2. The almost-full state is defined by the value of 
the almost-full and almost-empty offset register (X). This register is loaded with one of four preset values during 
a device reset (see reset). An almost-full flag is low when the FIFO contains (64 - X) or more long words in 
memory and is high when the FIFO contains [64 - (X + 1)] or less long words. 

Two low-to-high transitions of the almost-full-flag synchronizing clock are required after a FIFO read for the 
almost-full flag to reflect the new level of fill; therefore, the almost-full flag of a FIFO containing [64 - (X + 1)] 
or less words remains low if two cycles of the synchronizing clock have not elapsed since the read that reduced 
the number of long words in memory to [64 - (X + 1)]. An almost-full flag is set high by the second low-to-high 
transition of the synchronizing clock after the FIFO read that reduces the number of long words in memory to 
[64 - (X + 1 )]. A low-to-high transition of an almost-full-flag synchronizing clock begins the first synchronization 
cycle if it occurs at time t S |<2, or greater, after the read that reduces the number of long words in memory to 
[64 - (X + 1 )]. Otherwise, the subsequent synchronizing clock cycle can be the first synchronization cycle (see 
Figures 19 and 20). 

mailbox registers 

Each FIFO has a 36-bit bypass register to pass command and control information between port A and port B 
without putting it in queue. The mailbox-select (MBA, MBB) inputs choose between a mail register and a FIFO 
for a port data transfer operation. A low -to-high transition on CLKA writes A0-A35 data to the main register 
when a port-A write is selected by CSA, W/RA, and ENA, and MBA is hi gh. A low-to-high transition on CLKB 
writes B0-B35 data to the mail2 register when a port-B write is selected by CS B, W/RB , and EN B and both SIZO 
and SIZ1 are high. Writing data to a mail register sets the corresponding flag (MBF1 or MBF2) low. Attempted 
writes to a mail register are ignored while the mail flag is low. 

When the port-A data outputs (A0-A35) are active, the data on the bus comes from the FIF02 output register 
when MBA is low and from the mail2 register when MBA is high. When the port-B data outputs (B0-B35) are 
active, the data on the bus comes from the FIF01 output register when either one or both SIZ1 an d SIZO are 
low and from the mail2 register when both SIZ1 and SI ZO are high. The main register flag (MBF1) is set high 
by a rising CLKB edge when a port-B read is selected b y CSB, W/RB, and ENB and both port-B bus-size select 
(SIZ1 and SIZO) inp uts ar e high. The mail2 register flag (MBF2) is set high by a rising CLKA edge when a port-A 
read is selected by CSA, W/RA, and ENA and MBA is high. The data in the mail register remains intact after 
it is read and changes only when new data is written to the register. 

dynamic bus sizing 

The port-B bus can be configured in a 36-bit long word, 1 8-bit word, or 9-bit byte format for data read from FIF01 
or written to FIF02. Word- and byte-size bus selections can utilize the most significant bytes of the bus (big 
endian) or least significant bytes of the bus (little endian). Port-B bus size can be changed dynamically and 
synchronous to CLKB to communicate with peripherals of various bus widths. 

The levels applied to SIZO and SIZ1 and the big-endian select (BE) input are stored on each CLKB low-to-high 
transition. The stored port-B bus-size selection is implemented by the next rising edge on CLKB according to 
Figure 1 . 

Only 36-bit long-word data is written to or read from the two FIFO memories on the SN54ABT3614. 
Bus-matching operations are done after data is read from the Fl F01 RAM and before data is written to the Fl F02 
RAM. Port-B bus sizing does not apply to mail-register operations. 
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dynamic bus sizing (continued) 



BYTE ORDER ON 



A35 A27 A 26 A1 8 A17 A9 A8 AO 

PORTA: [ A [ | B | [ C | | D | Write to 



FIF01/Read From FIF02 



BE 


SIZ1 


SIZO 


X 


L 


L 




BE 


SIZ1 


SIZO 


L 


L 


H 



BE 


SIZ1 


SIZO 


H 


L 


H 



BE 


SIZ1 


SIZO 


L 


H 


L 



B35 B27 B26 B18 B17 B9 B8 BO 

H H CD H Read 



From FIFOI/Wrlteto FIF02 



(a) LONG WORD SIZE 



B35 B27 B26 B18 B17 B9 B8 BO 



335 B27 B26 Bli 



1st: Read From FIFOI/Wrlteto FIF02 



B35 B27 B26 B18 B17 B9 B8 BO 



2nd: Read From FIFOI/Wrlte to FIF02 



(b) WORD SIZE - BIG ENDIAN 



B35 B27 B26 B18 B17 B9 B8 BO 



1st: Read From FIFOI/Wrlte to FIF02 



B35 B27 B26 B18 B17 B9 B8 BO 



17 B9 B8 BO 

| A | j B [ 2nd: Read From FIFOI/Wrlte to FIF02 



(C) WORD SIZE - LITTLE ENDIAN 



B35 B27 B26 B18 B17 B9 B8 BO 



B35 B27 B26 B18 B17 B9 B8 BO 



335 B27 

CD 

335 B27 

m 

335 B27 

m 



1st: Read From FIFOI/Wrlte to FIF02 



B35 B27 B26 B18 B17 B9 B8 BO 



B35 B27 B26 B18 B17 B9 B8 BO 



2nd: Read From FIFOI/Wrlte to FIF02 



3rd: Read From FIFOI/Wrlte to FIF02 



4th: Read From FIFOI/Wrlte to FIF02 



(d) BYTE SIZE - BIG ENDIAN 

Figure 1. Dynamic Bus Sizing 



14-82 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54ABT3614 

64 x 36 x 2 CLOCKED BIDIRECTIONAL FIRST-IN, FIRST-OUT MEMORY 

WITH BUS MATCHING AND BYTE SWAPPING 

SGBS308B- AUGUST 1995 - REVISED FEBRUARY 1996 



dynamic bus sizing (continued) 



1st: Read From FIF01 /Write to FIF02 



2nd: Read From FIFOI/Writeto FIF02 



3rd: Read From FIFOI/Write to FIF02 



4th: Read From FIFOI/Writeto FIF02 



(e) BYTE SIZE - LITTLE ENDIAN 

Figure 1. Dynamic Bus Sizing (continued) 

bus-matching FIF01 reads 

Data is read from the FIF01 RAM in 36-bit long-word increments. If a long-word bus size is implemented, the 
entire long word immediately shifts to the FIF01 output register. If byte or word size is implemented on port B, 
only the first one or two bytes appear on the selected portion of the FIF01 output register with the rest of the 
long word stored in auxiliary registers. In this case, subsequent FIF01 reads with the same bus-size 
implementation output the rest of the long word to the FIF01 output register in the order shown by Figure 1 . 

Each FIF01 read with a new bus-size implementation automatically unloads data from the FIF01 RAM to its 
output register and auxiliary registers. Therefore, implementing a new port-B bus size and performing a FIF01 
read before all bytes or words stored in the auxiliary registers have been read results in a loss of the unread 
long-word data. 

When reading data from FIF01 in byte or word format, the unused B0-B35 outputs remain inactive but static 
with the unused FIF01 output register bits holding the last data value to decrease power consumption. 

bus-matching FIF02 writes 

Data is written to the FIF02 RAM in 36-bit long-word increments. FIF02 writes, with a long-word bus size, 
immediately store each long word in FIF02 RAM. Data written to FIF02 with a byte or word bus size stores the 
initial bytes or words in auxiliary registers. The CLKB rising edge that writes the fourth byte or the second word 
of long word to FIF02 also stores the entire long word in FIF02 RAM. The bytes are arranged in the manner 
shown in Figure 1 . 

Each FIF02 write with a new bus-size implementation resets the state machine that controls the data flow from 
the auxiliary registers to the FIF02 RAM. Therefore, implementing a new bus size and performing a FIF02 write 
before bytes or words stored in the auxiliary registers have been loaded to FIF02 RAM results in a loss of data. 
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port-B mail-register access 

In addition to selecting port-B bus sizes for FIFO reads and writes, the port-B bus size select (SIZO, SIZ1 ) inputs 
also access the mail registers. When both SIZO and SIZ1 are high, the maih register is accessed for a port-B 
long-word read and the mail2 register is accessed for a port-B long-word write. The mail register is accessed 
immediately and any bus-sizing operation that can be underway is unaffected by the the mail-register access. 
After the mail-register access is complete, the previous FIFO access can resume in the next CLKB cycle. Th6 
logic diagram in Figure 2 shows that the previous bus-size selection is preserved when the mail registers are 
accessed from port B. A port-B bus size is implemented on each rising CLKB edge according to the states of 
SIZ0_Q, SIZ1_Q, and BE_Q. 



CLKB 



sizo- 

SIZ1 - 
BE - 



MUX 




G1 








1 




T 





SIZ0_Q 
SIZ1_Q 
BE_Q 



Figure 2. Logic Diagram for SIZO, SIZ1, and BE Register 



byte swapping 



The byte-order arrangement of data read from FIF01 or data written to FIF02 can be changed synchronous 
to the rising edge of CLKB. Byte-order swapping is not available for mail-register data. Four modes of byte-order 
swapping (including no swap) can be done with any data-port-size selection. The order of the bytes are 
rearranged within the long word, but the bit order within the bytes remains constant. 

Byte arrangement is chosen by the port-B swap select (SWO, SW1) inputs on a CLKB rising edge that reads 
a new long word from FIF01 or writes a new long word to FIF02. The byte order chosen on the first byte or first 
word of a new long-word read from FIF01 or written to FIF02 is maintained until the entire long word is 
transferred, regardless of the SWO and SW1 states during subsequent writes or reads. Figure 3 is an example 
of the byte-order swapping available for long words. Performing a byte swap and bus size simultaneously for 
a FIF01 read rearranges the bytes as shown in Figure 3, then outputs the bytes as shown in Figure 1. 
Simultaneous bus-sizing and byte-swapping operations for FIF02 writes load the data according to Figure 1 , 
then swap the bytes as shown in Figure 3 when the long word is loaded to FIF02 RAM. 
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byte swapping (continued) 
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(b) BYTE SWAP 
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(c) WORD SWAP 
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(d) BYTE-WORD SWAP 

Figure 3. Byte Swapping (Long-Word Size Example) 
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parity checking 

The port-A data inputs (AO- A35) and port-B data inputs (B0-B35) each have four parity trees to check the parity 
of incoming (or outgoing) data. A pa rity fai lure on one or more bytes of the port-A data bus is reported by a low 
level on the port-A parity-error flag (PEFA). A parity failure on one or more bytes of the port-B da ta inpu ts that 
are valid for the bus-size implementation is reported by a low level on the port-B parity-error flag (PEFB). Odd- 
or even-parity checking can be selected, and the parity-error flags can be ignored if this feature is not desired. 

Parity status is checked on each input bus according to the level of the odd/even parity (ODD/EVEN) select 
input. A parity err or on one or m ore valid bytes of a port is reported by a low level on the corresponding port 
parity-error flag (PEFA, PEFB) output. Port-A bytes are arranged as A0-A8, A9-A17, A18-A26, and 
A27-A35. Port-B bytes are arranged as B0-B8, B9-B17, B18-B26, and B27-B35, and its valid bytes are 
t hose used in a port-B bus-size implementation. When odd/even parity is selected, a port parity-error flag 
(PEFA, PEFB) is low if any valid byte on the port has an odd/even number of low levels applied to the bits. 

The four parity trees used to check the AO- A35 inputs are shared by the mail2 register when parity generation 
is selected fo r port- A reads (PGA = high). When a port-A read from the mail2 register with parity gen eration is 
selected with CSA low, ENA high, W/RA low, MBA high, and PGA high, the port-A parity-error flag (PEFA) is 
held high regardless of the levels applied to the A0-A35 inputs. Likewise, the parity trees used to check 
the B0-B35 inputs are shared by the maiH register when parity generation is selected fo r por t-B reads 
(PGB = highJJiA/hen a port-B read from the maih register with parity generation is selected with C SB low, ENB 
high, and W/RB low, both SIZO and SIZ1 high, and PGB high, the port-B parity-error flag (PEFB) is held high 
regardless of the levels applied to the B0-B35 inputs. 

parity generation 

A high level on the port-A parity-generate select (PGA) or port-B parity-generate select (PGB) enables the 
SN54ABT361 4 to generate parity bits for port reads from a FIFO or mailbox register. Port-A bytes are arranged 
as A0-A8, A9-A1 7, A1 8-A26, and A27-A35, with the most significant bit of each byte used as the parity bit. 
Port-B bytes are arranged as B0-B8, B9-B17, B18-B26, and B27-B35, with the most significant bit of each 
byte used as the parity bit. A write to a FIFO or mail register stores the levels applied to all nine inputs of a byte 
regardless of the state of the parity-generate select (PGA, PGB) inputs. When data is read from a port with parity 
generatio n selec ted, the lower eight bits of each byte are used to generate a parity bit according to the level on 
the ODD/EVEN select. The generated parity bits are substituted for the levels originally written to the most 
significant bits of each byte as the word is read to the data outputs. 

Parity bits for FIFO data are generated after the data is read from SRAM and before the data is writte n to the 
output register; therefore, the port-A parity-generate select (PGA) and odd/even parity select (ODD/EVEN) 
have setu p- and hold-time constraints to the port-A clock (CLKA) and the port-B parity generate select (PGB) 
and ODD/EVEN have setup and hold-time constraints to the port-B clock (CLKB). These timing constraints only 
apply for a rising clock edge used to read a new long word to the FIFO output register. 

The circuit used to generate parity for the main data is shared by the port-B bus (B0-B35) to check parity and 
the circuit used to generate parity for the mail2 data is shared by the port-A bus (AO- A35) to check parity. The 
shared parity trees of a port are used to generate parity bits for the data in ajnail register when the port chip 
select (CSA, CSB) is low, enable (ENA, ENB) is high, write/read select (W/RA, W/RB) input is low, the mail 
register is selected (MBA is high for port A; both SIZO and SIZ1 are high for port B), and port parity-generate 
select (PGA, PGB) is high. Generating parity for mail register data does not change the contents of the register. 
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Figure 4. Device Reset Loading the X Register With the Value of Eight 
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Figure 5. Port-A Write-Cycle Timing for FIF01 
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t SIZO = H and SIZ1 = H writes data to the mail2 register. 

DATA SWAP TABLE FOR LONG-WORD WRITES TO FIF02 
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A B C D 
D C B A 
C D A B 
B A D C 


A B C D 
A B C D 
A B C D 
A B C D 



Figure 6. Port-B Long-Word Write-Cycle Timing for FIF02 
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; I 



ODD/EVEN 



PEFB 



tpd(C-PE) 



tpd(D-PE) | 



Valid 



t SIZO = H and S IZ1 = H writes data to the mail2 register. 

NOTE A: PEFB indicates parity error for the following bytes: B35-B27 and B26-B18 for big-endian bus, and B17-B9 and B8-B0 for little- 
endian bus. 

DATA SWAP TABLE FOR WORD WRITES TO FIF02 



SWAP MODE 


WRITE 
NO. 


DATA WRITTEN TO FIF02 


DATA READ FROM FIF02 


BIG ENDIAN 


LITTLE ENDIAN 


SW1 SWO 


B35-B27 B26-B18 


B17-B9 B8-B0 


A35-A27 A26-A18 A17-A9 A8-A0 


L L 


1 
2 


A B 
C D 


C D 
A B 


A B C D 


L H 


1 
2 


D C 
B A 


B A 
D C 


A B C D 


H L 


1 
2 


C D 
A B 


A B 
C D 


A B C D 


H H 


1 
2 


B A 
D C 


D C 
B A 


A B C D 



Figure 7. Port-B Word Write-Cycle Timing for FIF02 
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CLKB 
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W — 
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SIZ1,SIZ0 
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Endian 



{ 



B0-B8 



Endfan {b27-B35 




ODD/EVEN 



PEFB 



tpd(C-PE) M^D-PE) 
Valid 



tpd(D-PE) 
Valid 



tpd(D-PE) 
: VaiiTVSSSS^ Valid 



t SIZO = H and S IZ1 = H writes data to the mail2 register. 

NOTE A: PEFB indicates parity error for the following bytes: B35-B27 for big-endian bus and B1 7- B9 for little-endian bus. 

Figure 8. Port-B Byte Write-Cycle Timing for FIF02 
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DATA SWAP TABLE FOR BYTE WRITES TO FIF02 



SWAP MODE 



SW1 SWO 



WRITE 
NO. 



DATA WRITTEN 
TO FIF02 



BIG 
ENDIAN 



B35-B27 



LITTLE 
ENDIAN 



B8-B0 



DATA READ FROM FIF02 



A35-A27 A26-A18 A17-A9 A8-A0 



L L 



D 
C 
B 
A 



L H 



BCD 



H L 



B 
A 
D 
C 



B C D 



H H 



B C D 



Figure 8. Port-B Byte Write-Cycle Timing for FSF02 (continued) 
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No Operation j 
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SIZO 

PGB, 
ODD/ 
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tsu(PG) N »| < » l th(PG) 



Not (1,1 )T 



-j ( Previous Data 



i t a » l t d | s |« » l 

W1* W2* j — 



t SIZO = H and SIZ1 = H selects the maih register for output on B0-B35. 
* Data read from FIF01 



DATA SWAP TABLE FOR LONG-WORD READS FROM FIF01 



DATA WRITTEN TO FIF01 


SWAP MODE 


DATA READ FROM FIF01 


A35-A27 A26-A18 A17-A9 A8-A0 


SW1 SWO 


B35-B27 B26-B18 B17-B9 B8-B0 


A B C D 
A B C D 
A B C D 
A B C D 


L L 
L H 
H L 
H H 


A B C D 
D C B A 
C D A B 
B A D C 



Figure 9. Port-B Long-Word Read-Cycle Timing for FIF01 
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No Operation I 
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Endiant<^ B °- B17 - 
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'a 
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Readl 



I 



Read 2 



Bi 

Endian : 



B18-B35- 



■ < Previous Data ~j( ' Read 1 



T" 

*dis j«- 



3- 



Read 2 



t SIZO = H and SIZ1 = H selects the maill register for output on B0-B35. 

$ Unused word B0-B17 or B18-B35 holds last FIF01 output register data for word-size reads. 

DATA SWAP TABLE FOR WORD READS FROM FIF01 



DATA WRITTEN TO FIF01 


SWAP MODE 


READ 
NO. 


DATA READ FROM FIF01 


BIG ENDIAN 


LITTLE ENDIAN 


A35-A27 A26-A18 A17-A9 A8-A0 


SW1 SWO 


B35-B27 B26-B18 


B17-B9 B8-B0 


A B C D 


L L 


1 
2 


A B 
C D 


C D 
A B 


A B C D 


L H 


1 
2 


D C 
B A 


B A 
D C 


A B C D 


H L 


1 
2 


C D 
A B 


A B 
C D 


A B C D 


H H 


1 
2 


B A 
D C 


D C 
B A 



Figure 10. Port-B Word Read-Cycle Timing for FIF01 
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CLKB 




W/RB 
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SW1.SW0 



| t 8u( EN) \*-tk*\ t h(EN) 

enb w//j>;;//W^ | mxw 

I tsu(SW) th(SW) , v/pmmioii | 
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| Operation 
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SIZ1,SIZ0 



PGB, 
ODD/EVEN 
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B27-B35 



tsu(SZ) l h(SZ) I ' ^ ] 

zzmtwk—^^ xEfo x?rfof Not d, Dt wzzzzx 

Not (1,1 )t Not(1,1)t Not (1,1)t I 



tsu(PQ) 



th(PG) 



T I j | [~ | 

ten U-H K ta K" ta I 4 " ta K" ta ~»l t dis [ 

^ X Read1 X Read 2 X Read 3 X Read 4 j 

Previous Data j | j | | | J 



Previous Data 



Readl j( Read 2 ) l ( Read 3 jf Read 4 



t SIZO = H and SIZ1 = H selects the rnaih register for output on B0-B35. 
NOTE A: Unused bytes hold last FIF01 output register data for byte-size reads. 



Figure 11. Port-B Byte Read-Cycle Timing for FIF01 
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DATA SWAP TABLE FOR BYTE READS FROM FIF01 











DATA READ 


DATA WRITTEN TO FIF01 




SWAP MODE 


READ 
NO. 


FROM FIF01 




BIG 


LITTLE 








EKiniAM 

CnUIMIX 


ENDIAN 


(AC A07 A OA A4Q A47 AO 

A35— AZ7 AZO— Alo A17—A9 


A8— AO 


ClAH C\klf\ 

oWl oWU 




B35-B27 


B8-B0 








1 


A 


D 


ABC 


D 


L L 


2 
3 

A 


B 
C 
D 


C 
B 
A 








1 


D 


A 


ABC 


D 


L H 


2 
3 
4 


C 
B 
A 


B 
C 
D 








1 


C 


B 


ABC 


D 


H L 


2 
3 
4 


D 
A 
B 


A 
D 
C 








1 


B 


C 


A B C 


D 


H H 


2 
3 
4 


A 
D 
C 


D 
A 
B 



Figure 11. Port-B Byte Read-Cycle Timing for FIF01 (continued) 
•I 
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v ///////////) kmmmT 



Wen) 
U— — > 



tpd(M-DV)-|- 
ten |* 



♦J I 



r 



////////A 
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N- th(EN) I ~H «— *h(EN) 

^yyyyyyyy 

No 



A0-A35 
PGA, 



Previous Data 



Wit ' J C 



Operation 



W2t 



> 



ODD/EVEN 

tRead from FIF02 



wpg> M r th(PG) t8 U (PG) ! «-^i f-' h < pa > 



Figure 12. Port-A Read-Cycle Timing for FIF02 
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W/RA High 

tsu(EN) j-^ , h(EN) 



ENA 



A0-A35 



tsu(EN) L- th(EN) 

/////// \ V^Si 




SIZ1.SIZ0 Low 

B°-B35 WXXXXXXXXXX^^ 

t t S ki is the minimum time between a rising CLKA edge and a rising CLKB edge fo rEFB to transition high in the next CLKB cycle. If the time between 

the rising CLKA edge and rising CLKB edge is less than t S ki, the transition of EFB high may occur one CLKB cycle later than shown. 
NOTE A: Port-B size of long word is selected for FIF01 read by SIZ1 = L, SIZO = L. If port-B size is word or byte, EFB is set low by the last word 
or byte read from FIF01 , respectively. 

Figure 13. EFB-Flag Timing and First Data Read When FIF01 Is Empty 
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CLKB 



CSB Low 




W/RB High 

tsu(EN) * 

s.zi,s,zo ,ssss\si 



tsu(EN) - ^ 



FFB High 



*h(EN) 

W////////////////////////////////////^^ 



u~th(EN) 



B0-B35 




MBA Low 



tsu(EN) 



ena >;;;;;;;;;;;;;;;;;;;;;;;;/77777r 



j«- 'h(EN) 



AQ-A35 'y>66666666666666666^^ 



W1 



t t S k-| is the minimum time between a rising CLKB edge and a rising CLKA edge fo r EFA to transition high in the next CLKA cycle. If the time between 

the rising CLKB edge and rising CLKA edge is less than t s |<i , the transition of EFA high may occur one CLKA cycle later than shown. 
NOTE A: Port-B size of long word is selected for FIF02 write by SIZ1 = L, SIZO - L. If port-B size is word or byte, t s ki is referenced to the rising 
CLKB edge that writes the last word or byte of the long word, respectively. 

Figure 14. EFA-Flag Timing and First Data Read When FIF02 Is Empty 
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CSB Low 
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y 
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SIZ1.SIZ0 Low 



ENB 



tsu(EN) 

JZZZZ7 



th(EN) 



EFB High 
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*su(D) N — *M th(D) 

A0-A35 ^m>^^ MM 

To FIF01 

t t s ki is the minimum time between a rising CLKB edge and a risi ng CL KA edge for FFA to transition high in the next CLKA cycle. If the time between 

the rising CLKB edge and rising CLKA edge is less than t S |<-| , FFA may transition high one CLKA cycle later than shown. 
NOTE A: Port-B size of long word is selected for the FIF01 read by SIZ1 = L, SIZO = L If port-B size is word or byte, t s ki is referenced from the 
rising CLKB edge that reads the first word or byte of the long word, respectively. 

Figure 15. FFA-Flag Timing and First Available Write When FIF01 Is Full 
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tsu(EN) |« — N«*l th(EN) 



EFA High 
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^^^^ — wmtm^m^zz. 

ToFIF02 



t t s ki is the minimum time between a rising CLKA edge and a risi ng CL KB edge for FFB to transition high in the next CLKB cycle. If the time between 

the rising CLKA edge and rising CLKB edge is less than t s |<i , FFB may transition high one CLKB cycle later th an sh own. 
NOTE A: Port-B size of long word is selected for FIF02 write by SIZ1 = L, SIZO = L. If port-B size is word or byte, FFB is set low by the last word 
or byte write of the long word, respectively. 

Figure 16. FFB-Flag Timing and First Available Write When FIF02 Is Full 
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Long Words in FIF01 



tsu(EN,|^-H^ ,h ( EN ) 



AEB X Long Words In FIF01 ^ (X i 1) 

«« £ZZZZZ2 — vsssssss 

t t S k2 is the minimum time between a rising CLKA edge and a risin g CL KB edge for AEB to transition high in the next CLKB cycle. If the time between 
the rising CLKA edge and risin g CLKB_edge is less than t s |<2, AEB ma y tran sition high one CLKB cycle later than shown. 

NOTES: A. FIF01 write (CSA = L, W/RA = H, MBA = L), FIF01 read (CSB = L, W/RB = L, MBB = L) 

B. Port-B size of long word is selected for FIF01 read by SIZ1 = L, SIZO = L. If port-B size is word or byte, AEB is set low by the first 
word or byte read of the long word, respectively. 

Figure 17. Timing for AEB When FIF01 Is Almost Empty 
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enb A \^\\\^ 

clka "™\ / s )n — s n — s / s / — 

i , i 

tpd(C-AE) $ H tpd(C-AE) |^ *\ 

AEA X Long Words In FIFQ2 i * fX + 11 Long Words in FIFQ2 j 



ENA 



£ZZZZZ2 — 



t t S k2 is the minimum time between a rising CLKB edge and a risin g CL KA edge for AEA to transition high in the next CLKA cycle. If the time between 

the rising CLKB edge and risin g CLKA_edge is less than t S k2, AEA ma y tran sition high one CLKA cycle later than shown. 
NOTES: A. FIF02 write (CSB = L, W/RB = H, MBB = L), FIF02 read (CSA = L, W/RA = L, MBA = L) 

B. Port-B size of long word is selected for FIF02 write by SIZ1 = L, SIZO - L. If port-B size is word or byte, t S |<2 is referenced from the 
rising CLKB edge that writes the last word or byte of the long word, respectively. 

Figure 18. Timing for AEA When FIF02 Is Almost Empty 
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t t S |<2 is the minimum time between a rising CLKA edge and a risi ng CL KB edge for AFA to transition high in the next CLKA cycle. If the time between 

the rising CLKA edge and risin g CLKB _edge is less than t s |<2, AFA ma y tran sition high one CLKB cycle later than shown. 
NOTES: A. FIF01 write (CSA = L, W/RA = H, MBA = L), FIF01 read (CSB = L, W/RB = L, MBB = L) 

B. Port-B size of long word is selected for FIF01 read by SIZ1 = L, SIZO = L. If port-B size is word or byte, t S |<2 is referenced from the 
first word or byte read of the long word, respectively. 

Figure 19. Timing for AFA When FIF01 Is Almost Full 
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AFB [64 - (X + 1)] Long Words In FIF02 
CLKA 



ENA 



tsu(EN) r ih(EN) 

M///?l K^^S 



t t S k2 is the minimum time between a rising CLKB edge and a risi ng CL KA edge for AFB to transition high in the next CLKB cycle. If the time between 
the rising CLKB edge and risin g CLKA_edge is less than t s |<2, AFB m ay tran sition hjgh one CLKA cycle later than shown. 

NOTES: A. FIF02 write (CSB = L, W/RB= H, MBB = L), FIF02 read (CSA = L, W/RA = L, MBA = L) 

B. Port-B size of long word is selected for FIF02 write by SIZ1 = L, SIZO = L. If port-B size is word or byte, AFB is set low by the last 
word or byte write of the long word, respectively. 

Figure 20. Timing for AFB When FIF02 Is Almost Full 
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Figure 21. Timing for Maih Register and MBF1 Flag 
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Figure 22. Timing for Mail2 Register and MBF2 Flag 
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Figure 23. ODD/EVEN, W/RA, MBA, and PGA to PEFA Timing 
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Figure 24. ODD/EVEN, W/RB, SIZ1, SIZO, and PGB to PEFB Timing 
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Figure 25. Parity-Generation Timing When Reading From the Mail2 Register 
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Figure 26. Parity-Generation Timing When Reading From the MaiH Register 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to V<x + 0.5 V 

Output voltage range, Vq (see Note 1) -0.5 V to Vcc + 0-5 V 

Input clamp current, I;k ( v l < 0 or V| > Vcc) ±20 mA 

Output clamp current, Iqk ( v O < 0 or Vq > Vcc) ±50 mA 

Continuous output current, Iq (Vo = 0 to Vcc) ±50 mA 

Continuous current through Vcc or ^ ND ± 500 mA 

Operating free-air temperature range, TX -55°C to 1 25°C 

Storage temperature range, T s t g -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output voltage ratings may be exceeded provided the input and output current ratings are observed. 



recommended operating conditions 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


V 


V|L 


Low-level input voltage 


0.8 


V 


'OH 


High-level output current 


-4 


mA 


lOL 


Low-level output current 


8 


mA 


T A 


Operating free-air temperature 


-55 


125 


°C 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


VOH 


Vcc " 4 -5 V, Ioh = ~ 4 mA 


2.4 


V 


vol 


Vcc = 4.5 V, IOL = 8mA 


0.5 


V 


"i 


Vcc -5.5 V, V|-Vccor0 


±50 


liA 


ioz 


Vcc = 5.5 V, VQ-VccorO 


±50 


liA 


"cc§ 


Vcc = 5.5 V, lo = 0mA, V| = VccorGND 


Outputs high 


30 


mA 


Outputs low 


130 


Outputs disabled 


30 


Cj 


V| = 0, f = 1 MHz 


4 


pF 


c 0 


Vq = 0, f - 1 MHz 


8 


PF 



$ All typical values are at Vcc = 5 V, Ta - 25°C. 
§ Ice is measured in the A to B direction. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 4 through 26) 





MIN MAX 


UNIT 




Clock frequency, CLKA or CLKB 


50 


MHz 


t 


Clock cycle time, CLKA or CLKB 


20 


ns 




Pulse duration, CLKA and CLKB high 


8 


ns 




Pulse duration, CLKA and CLKB low 


8 


ns 


K S\J(U) 


Setup time, A0-A35 before CLKA? and B0-B35 before CLKBT 


5 


ns 


tci ifPNh 


Setup time, CSA, W/RA, ENA, and MBA before CLKAT; CSB, W/RB, and ENB before CLKBT 


5 


ns 




Setup time, SIZO, SIZ1 , and BE before CLKBT 


5 


ns 


l SU(oWj 


Setup time, SWO and SW1 before CLKBT 


7 


ns 


l SU(rvji) 


Setup time, ODD/EVEN and PGA before CLKAT; ODD/EVEN and PGB before CLKBTt 


6 


ns 


'su(RS) 


Setup time, RST low before CLKAT or CLKBT* 


6 


ns 


*su(FS) 


Setup time, FSO and FS1 before RST high 


6 


ns 


*h(D) 


Hold time, A0-A35 after CLKAT and B0-B35 after CLKBT 


1 


ns 


th(EN) 


Hold time, CSA, W/RA, ENA, and MBA after CLKAT; CSB, W/RB, and ENB after CLKBT 


1 


ns 


th(SZ) 


Hold time, SIZO, SIZ1 , and BE after CLKBT 


2 


ns 


*h(SW) 


Hold time, SWO and SW1 after CLKBT 


7 


ns 


th(PQ) 


Hold time, ODD/EVEN and PGA after CLKAT; ODD/EVEN and PGB after CLKBTt 


0 


ns 


th(RS) 


Hold time, RST low after CLKAT or CLKBT* 


6 


ns 


th(FS) 


Hold time, FSO and FS1 after RST high 


4 


ns 


*sk1 § 


Skew time between CLKAT and CLKBT for EFA, EFB, FFA, and FFB 


8 


ns 


tsk2§ 


Skew time between CLKAT and CLKBT for AEA, ABB, AFA, and AFB 


16 


ns 



t Only applies for a clock edge that does a FIFO read 

t Requirement to count the clock edge as one of at least four needed to reset a FIFO 

§ Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between CLKA cycle and 
CLKB cycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 30 pF (see Figures 4 through 26) 



PARAMETER 


MIN MAX 


UNIT 


t a Access time, CLKAT to A0-A35 and CLKBT to B0-B35 


2 12 


ns 


tpd(C-FF) Propagation delay time, CLKAT to FFA and CLKBT to FFB 


2 12 


ns 


tpd(C-EF) Propagation delay time, CLKAT to EFA and CLKBT to EFB 


2 12 


ns 


tpd(C-AE) Propagation delay time, CLKA 1 to AEA and CLKB 1 to AEB 


2 12 


ns 


tpd(C-AF) Propagation delay time, CLKAT to AFA and CLKBT to AFB 


2 12 


ns 


tpcj(C-MF) Propagation delay time, CLKAT to MBF1 low or MBF2 high and CLKBT to MBF2 low or MBF1 high 


1 12 


ns 


tpci(C-MR) Propagation delay time, CLKAT to BO - B35T and CLKBT to AO - A35* 


3 13 


ns 


tpd(C-PE)§ Propagation delay time, CLKBT to PEFB 


2 12 


ns 


t pc j(M-DV) Propagation delay time, MBA to A0-A35 valid and SIZ1 , SIZO to B0-B35 valid 


1 11.5 


ns 


t p( j(D-PE) Propagation delay time, A0-A35 valid to PEFA valid; B0-B35 valid to PEFB valid 


3 12.5 


ns 


t pc |(0-PE) Propagation delay time, ODD/EVEN to PEFA and PEFB 


3 12 


ns 


t«w/rk DD\1t ProDaaation delav time ODD/EVEN to Daritv bits (A8 A17 A26 A35^ and fB8 B17 B26 B35^ 


2 12 




Propagation delay time, CSA, ENA, W/RA, MBA, or PGA to PEFA; CSB, ENB, W/RB, SIZ1 , SIZO, 
tpd(E-PE) or PGB to PEFB 


1 12 


ns 


f Propagation delay time, CSA, ENA, W/RA, MBA, or PGA to parity bits (A8, A1 7, A26, A35); CSB, 
tpd(E-PB) ENB, W/RB, SIZ1 , SIZO, or PGB to parity bits (B8, B1 7, B26, B35) 


3 19 


ns 


tpd(R-F) Propagation delay time, RST to (MBF1, MBF2) high 


1 20 


ns 


t Enable time, CSA and W/RA low to AO- A35 active and CSB low and W/RB high to BO- B35 
en active 


2 12 


ns 


Disable time, CSA or W/RA high to AO- A35 at high impedance and CSB high or W/RB low to 
™ s BO - B35 at high impedance 


1 9 


ns 



t Writing data to the main register when the B0-B35 outputs are active and SIZ1 , SIZO are high 
$ Writing data to the mail2 register when the A0-A35 outputs are active and MBA is high 
§ Only applies when a new port-B bus size is implemented by the rising CLKB edge 
^ Only applies when reading data from a mail register 
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TYPICAL CHARACTERISTICS 

SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 
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Figure 27 

calculating power dissipation 

The lcc(f) current for the graph in Figure 28 was taken while simultaneously reading and writing the FIFO on 
the SN54ACT361 4 with CLKA and CLKB set to f C lock- Al ' data inputs and data outputs change state during each 
clock cycle to consume the highest supply current. Data outputs were disconnected to normalize the graph to 
a zero-capacitance load. Once the capacitive load per data-output channel is known, the power dissipation can 
be calculated with the equation below. 

With lcc(f) taken from Figure 28, the maximum power dissipation (Pj) of the SN54ABT361 4 can be calculated 
by: 

p T = V CC x 'cC(f) + £(C L x Vqh 2 x f 0 ) 
where: 

Ci_ = output capacitive load 

f 0 = switching frequency of an output 

V 0H = high-level output voltage 

When no reads or writes are occurring on the SN54ABT3614, the power dissipated by a single clock (CLKA 
or CLKB) input running at frequency f C | 0C |< is calculated by: 

Pt = V C C x f C lock x 0.29 mA/MHz 
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PARAMETER MEASUREMENT INFORMATION 

5V 



From Output 
Under Test 



680 Q, 



1.1 kft 



30 pF 

(see Note A) 



LOAD CIRCUIT 



Timing 
Input 



A — 



3V 
GND 



tsu -W ^ ^~ h 

Data, \J d 3V 

Enable /15V \l.5V 

Input f \— 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



GND 



High-Level 
Input 



Low-Level 
Input 




- GND 
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Output 
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NOTE A: Includes probe and jig capacitance 
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Figure 28. Load Circuit and Voltage Waveforms 
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Free-Running CLKA and CLKB Can Be 
Asynchronous or Coincident 
Clocked FIFO Buffering Data From Port A 
to Port B 

Memory Size: 1024 x 36 

Synchronous Read-Retransmit Capability 

Mailbox Register in Each Direction 

Programmable Almost-Full and 

Almost-Empty Flags 

Microprocessor Interface Control Logic 

Input-Ready (IR) and Almost-Full (AF) Flags 

Synchronized by CLKA 



Output-Ready (OR) and Almost-Empty (AE) 
Flags Synchronized by CLKB 
Low-Power 0.8-Micron Advanced CMOS 
Technology 

Supports Clock Frequencies up to 50 MHz 

Fast Access Times of 15 ns 

Released as DESC SMD (Standard 
Microcircuit Drawing) 5962-956080INXD 

PCB Package Qualified as Military Plastic 
Device Per MIL-PRF-38535 (QML) 
Available in Space-Saving 120-Pin Thin 
Quad Flat (PCB) Package 



description 



The SN54ACT3641 is a high-speed, low-power, CMOS clocked FIFO memory. It supports clock frequencies 
up to 50 MHz and has read access times as fast as 15 ns. The 1024 x 36 dual-port SRAM FIFO buffers data 
from port A to port B. The FIFO memory has retransmit capability, which allows previously read data to be 
accessed again. The FIFO has flags to indicate empty and full conditions and two programmable flags (almost 
full and almost empty) to indicate when a selected number of words is stored in memory. Communication 
between each port can take place with two 36-bit mailbox registers. Each mailbox register has a flag to signal 
when new mail has been stored. Two or more devices can be used in parallel to create wider datapaths. 
Expansion is also possible in word depth. 

The SN54ACT3641 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable 
signals. The continuous clocks for each port are independent of one another and can be asynchronous or 
coincident. The enables for each port are arranged to provide a simple interface between microprocessors 
and/or buses with synchronous control. 

The input-ready (IR) flag and almost-full (AF ) flag of the FIFO are two-stage synchronized to CLKA. The 
output-ready (OR) flag and almost-empty (AE) flag of the FIFO are two-stage synchronized to CLKB. Offset 
values for the almost-full and almost-empty flags of the FIFO can be programmed from port A or through a serial 
input. 

The SN54ACT3641 is characterized for operation from - 55°C to 125°C. 

For more information on this device family, see the application reports FIFO Patented Synchronous Retransmit: 
Programmable DSP-Interface Application for FIR Filtering and FIFO Mailbox-Bypass Registers: Using Bypass 
Registers to Initialize DMA Control in the 1996 High-Performance FIFO Memories Designer's Handbook, 
literature number SCAA01 2A. 
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PCB PACKAGE 
(TOP VIEW) 
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GND 

B31 

B30 
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B26 

V C C 
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NC - No internal connection 
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functional block diagram 
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Terminal Functions 



TERMINAL 
NAME 


I/O 


DESCRIPTION 


A0-A35 


I/O 


Port-A data. The 36-bit bidirectional data port for side A. 


AE 


0 


Almost-empty flag. Programmable flag synchronized to CLKB. AE is low when the number of words in the FIFO is less 
than or equal to the value in the almost-empty offset register (X). 


AF 


0 


Almost-full flag. Programmable flag synchronized to CLKA. AF is low when the number of empty locations in the FIFO 
is less than or equal to the value in the almost-full offset register (Y). 


B0-B35 


I/O 


Port-B data. The 36-bit bidirectional data port for side B. 


CLKA 


I 


Port-A clock. CLKA is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to CLKB. IR and AF are synchronous to the low-to-high transition of CLKA. 


CLKB 




Port-B clock. CLKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
or coincident to CLKA. OR and AE are synchronous to the low-to-high transition of CLKB. 


CSA 




Port-A chip select. CSA must be low to enable a low-to-high transition of CLKA to read or write data on port A. The 
A0-A35 outputs are in the high-impedance state when CSA is high. 


CSB 


I 


Port-B chip select. CSB must be low to enable a low-to-high transition of CLKB to read or write data on port B. The 
B0-B35 outputs are in the high-impedance state when CSB is high. 


ENA 




Port-A master enable. ENA must be high to enable a low-to-high transition of CLKA to read or write data on port A. 


ENB 




Port-B master enable. ENB must be high to enable a low-to-high transition of CLKB to read or write data on port B. 


FS1/SEN, 
FSO/SD 


I 


Flag offset select 1 /serial enable, flag offset select 0/serial data. FS1/SEN and FSO/SD are dual-purpose inputs used 
for flag offset register programming. During a device reset, FS1/SEN and FSO/SD select the flag offset programming 
method. Three offset register programming methods are available: automatically load one of two preset values, parallel 
load from port A, and serial load. 

When serial load is selected for flag offset register programming, FS1/SEN is used as an enable synchronous to the 
low-to-high transition of CLKA. When FS1/SEN is low, a rising edge on CLKA loads the bit present on FSO/SD into the 
X and Y offset registers. The number of bit writes required to program the offset registers is 20. The first bit write stores 
the Y-register MSB and the last bit write stores the X-register LSB. 


IR 


0 


Input-ready flag. IR is synchronized to the low-to-high transition of CLKA. When IR is low, the FIFO is full and writes to 
its array are disabled. When the FIFO is in retransmit mode, IR indicates when the memory has been filled to the point 
of the retransmit data and prevents further writes. IR is set low during reset and is set high after reset. 


MBA 


I 


Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A read or write operation. 


MBB 


I 


Port-B mailbox select. A high level on MBB chooses a mailbox register for a port-B read or write operation. When the 
B0-B35 outputs are active, a high level on MBB selects data from the main register for output and a low level selects 
FIFO data for output. 


MBFT 


0 


MaiH register flag. MBF1 is set low by the low-to-high transition of CLKA that writes data to the maiM register. MBFT 
is set high by a low-to-high transition of CLKB when a port-B read is selected and MBB is high. MBF1 is set high by a 
reset. 


MBF2 


0 


Mail2 register flag. MBF2 is set low by the low-to-high transition of CLKB that writes data to the mail2 register. MBF2 
is set high by a low-to-high transition of CLKA when a port-A read is selected and MBA is high. MBF2 is set high by a 
reset. 


OR 


0 


Output-ready flag. OR is synchronized to the low-to-high transition of CLKB. When OR is low, the FIFO is empty and 
reads are disabled. Ready data is present in the output register of the FIFO when OR is high. OR is forced low during 
the reset and goes high on the third low-to-high transition of CLKB after a word is loaded to empty memory. 


RFM 


I 


Read from mark. When the FIFO is in retransmit mode, a high on RFM enables a low-to-high transition of CLKB to reset 
the read pointer to the beginning retransmit location and output the first selected retransmit data. 


RST 


I 


Reset. To reset the device, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur 
while RST is low. The low-to-high transition of RST latches the status of FSO and FS1 for AF and AE offset selection. 


RTM 


I 


Retransmit mode. When RTM is high and valid data is present in the FIFO output register (OR is high), a low-to-high 
transition of CLKB selects the data for the beginning of a retransmit and puts the FIFO in retransmit mode. The selected 
word remains the initial retransmit point until a low-to-high transition of CLKB occurs while RTM is low, taking the FIFO 
out of retransmit mode. 
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Terminal Functions (Continued) 



TERMINAL 
NAME 


I/O 


DESCRIPTION 


W/RA 


I 


Port-A write/read select. A high on W/RA selects a write operation and a low selects a read operation on port A for a 
low-to-high transition of CLKA. The A0-A35 outputs are in the high-impedance state when W/RA is high. 


W/RB 


I 


Port-B write/read select. A low on W/RB selects a write operation and a high selects a read operation on port B for a 
low-to-high transition of CLKB. The B0-B35 outputs are in the high-impedance state when W/RB is low. 



detailed description 
reset 

The SN54ACT3641 is reset by taking the reset (RST) input low for at least four port-A clock (CLKA) and four 
port-B clock (CLKB) low-to-high transitions. The reset input can switch asynchronously to the clocks. A reset 
initializes the memory read_and write pointers and forces thejnput-ready (IR) flag low, the output-ready (OR) 
flag low, the al most-empty (A E) flag low, and the almost-full (AF) flag high. Resetting the device also forces the 
mailbox flags (MBF1 , MBF2) high. After a FIFO is reset, its input-ready flag is set high after at least two clock 
cycles to begin normal operation. A FIFO must be reset after power up before data is written to its memory. 

almost-empty flag and almost-full flag offset programming 

Two registers in the SN54ACT3641 are used to hold the offset values for the almost-empty and almost-full flags. 
The almost-empty (AE) flag offset register is labeled X, and the almost-full (AF) flag offset register is labeled Y. 
The offset registers can be loaded with a value in three ways: one of two preset values are loaded into the offset 
registers, parallel load from port A, or serial load. The offse t reg ister programming mode is chosen by the flag 
select (FS1, FSO) inputs during a low-to-high transition on RST (see Table 1). 



Table 1. Flag Programming 



FS1 


FSO 


RST 


X AND Y REGISTERST 


H 


H 


t 


Serial load 


H 


L 


t 


64 


L 


H 


T 


8 


L 


L 


T 


Parallel load from port A 



t X register_holds the offset for AE; Y register holds the 
offset for AF. 



preset values 

If a preset value of 8 or 64 is chosen by FS1 and FSO at the time of a RST low-to-high transition according to 
Table 1 , the preset value is automatically loaded into the X and Y registers. No other device initialization is 
necessary to begin normal operation, and the IR flag is set high after two low-to-high transitions on CLKA. 

parallel load from port A 

To program theX and Y registers from port A, the device is reset with FSO and FS1 low during the low-to-high 
transition of RST. After this reset is complete, IR is set high after two low-to-high transitions on CLKA. The first 
two writes to the FIFO do not store data in its memory but load the offset registers in the order Y, X. Each offset 
register of the SN54ACT3641 uses port-A inputs (A9-A0). Data input A9 is used as the most significant bit of 
the binary number. Each register value can be programmed from 1 to 1020. After both offset registers are 
programmed from port A, subsequent FIFO writes store data in the SRAM. 
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serial load 

To program the X and Y re gisters serially, the device is reset with FSO/SD and FS1/SEN high during the 
low-to-high transition of RST. After this reset is complete, theX and Y register values are loaded bitwise through 
FSO/SD on each low-to-high transition of CLKA that FS1/SEN is low. Twenty-bit writes are needed to complete 
the programming. The first-bit write stores the most significant bit of the Y register, and the last-bit write stores 
the least significant bit of the the X register. Each register value can be programmed from 1 to 1020. 

When the option to program the offset registers serially is chosen, IR remains low until all 20 bits are written. 
IR is set high by the low-to-high transition of CLKA after the last bit is loaded to allow normal FIFO operation. 

FIFO write/read operation 

The state of the porhA data (A0-A35) outputs is controlled by the port-A chip select (CSA ) and the port-A 
write/read select (W/RA). The A0-A35 outputs a re in the higrnmpedance state when either CSA or W/RA is 
high. The A0-A35 outputs are active when both CSA and W/RA are low. 

Data is loaded into the FIFO from the A0-A35 inputs on a low-to-high transition of CLKA when CSA and the 
port-A mailbox select (MBA) are low, W/RA, the port-A enable (ENA), and the input-ready (IR) flag are high (see 
Table 2). Writes to the FIFO are independent of any concurrent FIFO reads. 



Table 2. Port-A Enable Function Table 



CSA 


W/RA 


ENA 


MBA 


CLKA 


A0-A35 OUTPUTS 


PORT FUNCTION 


H 


X 


X 


X 


X 


In high-impedance state 


None 


L 


H 


L 


X 


X 


In high-impedance state 


None 


L 


H 


H 


L 


T 


In high-impedance state 


FIFO write 


L 


H 


H 


H 


T 


In high-impedance state 


MaiM write 


L 


L 


L 


L 


X 


Active, mail2 register 


None 


L 


L 


H 


L 


T 


Active, mail2 register 


None 


L 


L 


L 


H 


X 


Active, mail2 register 


None 


L 


L 


H 


H 


T 


Active, mail2 register 


Mail2 read (set MBF2 high) 



The port-B control signals are identical to those of port A with the exception that the port-B write/read select 
(W/RB) is the inverse of the port-A write/re ad select (W/RA). The state of theport-B data (B0-B35) outputs is 
controlled by the port-B chip select (CS B) an d the port-B write/read select (W/RB). The B0-B35 output s are 
in the high-impedance state when either CSB is high or W/RB is low. The B0-B35 outputs are active when CSB 
is low and W/RB is high. 

Data is read from the FIFO to iteoutput register on a low-to-high transition of CLKB when CSB and the port-B 
mailbox select (MBB) are low, W/RB, the port-B enable (ENB), and the output-ready (OR) flag are high (see 
Table 3). Reads from the FIFO are independent of any concurrent FIFO writes. 
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FIFO write/read operation (continued) 



Table 3. Port-B Enable Function Table 



CSB 


W/RB 


ENB 


MBB 


CLKB 


B0-B35 OUTPUTS 


PORT FUNCTION 


H 


X 


X 


X 


X 


In high-impedance state 


None 


L 


L 


L 


X 


X 


In high-impedance state 


None 


L 


L 


H 


L 


t 


In high-impedance state 


None 


L 


L 


H 


H 


T 


In high-impedance state 


Mail2 write 


L 


H 


L 


L 


X 


Active, FIFO output register 


None 


L 


H 


H 


L 


t 


Active, FIFO output register 


FIFO read 


L 


H 


L 


H 


X 


Active, maill register 


None 


L 


H 


H 


H 


t 


Active, maill register 


Maill read (set MBF1 high) 



The setup- and hold-time constraints to the port clocks for the port-chip selects and write/read selects are only 
for enabling write and read operations and are not related to high-impedance control of the data outputs. If a 
port enable is low during a clock cycle, the port-chip select and write/read select can change states during the 
setup- and hold-time window of the cycle. 

When OR is low, the next data word is sent to the FIFO output register automatically by the CLKB low-to-high 
transition that sets the output-ready flag high. When OR is high, an available data word is clocked to theFIFO 
output register only when a FIFO read is selected by the port-B chip select (CSB), write/read select (W/RB), 
enable (ENB), and mailbox select (MBB). 

synchronized FIFO flags 

Each Fl FO is synchronized to its port clock through at least two flip-flop stages. This is done to improve the flags' 
reliability by reducing the probability of metastable events on their outputs when CLKA and CLKB operate 
asynchronously to one another (see the application report Metastability Performance of Clocked FIFOs in the 
1996 High-Performance FIFC^Memories Data Book, literature number SCAD003CJ. OR and AE are 
synchronized to CLKB. IR and AF are synchronized to CLKA. Table 4 shows the relationship of each flag to the 
number of words stored in memory. 



Table 4. FIFO Flag Operation 



NUMBER OF WORDS IN 
FIFOt* 


SYNCHRONIZED 
TO CLKB 


SYNCHRONIZED 
TO CLKA 


OR AE 


AF IR 


0 


L L 


H H 


1 toX 


H L 


H H 


(X + 1)to [1024 -(Y + 1)] 


H H 


H H 


(1024-Y) to 1023 


H H 


L H 


1024 


H H 


L L 



t X is the almost-empty offset for AE. Y is the almost-full offset for AF. 
t When a word is present in the FIFO output register, its previous memory 
location is free. 
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output-ready flag (OR) 

The output-ready flag of a FIFO is synchronized to the port clock that reads data from its array (CLKB). When 
the output-ready flag is high, new data is present in the FIFO output register. When OR is low, the previous data 
word is present in the FIFO output register and attempted FIFO reads are ignored. 

A FIFO read pointer is incremented each time a new word is clocked to its output register. The state machine 
that controls an output-ready flag monitors a write-pointer and read-pointer comparator that indicates when the 
FIFO SRAM status is empty, empty+1 , or empty+2. From the time a word is written to a FIFO, it can be shifted 
to the FIFO output register in a minimum of three cycles of CLKB; therefore, an output-ready flag is low if a word 
in memory is the next data to be sent to the FIFO output register and three CLKB cycles have not elapsed since 
the time the word was written. The output-ready flag of the FIFO remains low until the third low-to-high transition 
of CLKB occurs, simultaneously forcing OR high and shifting the word to the FIFO output register. 

A low-to-high transition on CLKB begins the first synchronization cycle of a write if the clock transition 
occurs at time t s ^(i), or greater, after the write. Otherwise, the subsequent CLKB cycle can be the first 
synchronization cycle (see Figure 6). 

input-ready flag (IR) 

The input-ready flag of a FIFO is synchronized to the port clock that writes data to its array (CLKA). When IR 
is high, a memory location is free in the SRAM to write new data. No memory locations are free when the 
input-ready flag is low and attempted writes to the FIFO are ignored. 

Each time a word is written to a FIFO, its write pointer is incremented. The state machine that controls an 
input-ready flag monitors a write-pointer and read-pointer comparator that indicates when the FIFO SRAM 
status is full, full — 1 , or full— 2. From the time a word is read from a FIFO, its previous memory location is ready 
to be written in a minimum of three cycles of CLKA. Therefore, IR is low if less than two cycles of CLKA have 
elapsed since the next memory write location has been read. The second low-to-high transition on CLKA after 
the read sets IR high, and data can be written in the following cycle. 

A low-to-high transition on CLKA begins the first synchronization cycle of a read if the clock transition 
occurs at time t S k(i), or greater, after the read. Otherwise, the subsequent CLKA cycle can be the first 
synchronization cycle (see Figure 7). 

almost-empty flag (AE) 

The almost-empty flag of a FIFO is synchronized to the port clock that reads data from its array (CLKB). The 
state machine that controls an almost-empty flag monitors a write-pointer and read-pointer comparator that 
indicates when the FIFO SRAM status is almost empty, almost empty+1 , or almost empty+2. The almost-empty 
state is defined by the contents of register X. This register is loaded with a preset value during a FIFO reset, 
programmed from port A, or programmed serially (see almost-empty flag and almost-full flag offset 
programming). AE is low when the FIFO contains X or less words and is high when the FIFO contains (X + 1) 
or more words. A data word present in the FIFO output register has been read from memory. 

Two low-to-high transitions of CLKB are required after a FIFO write for the almost-empty flag to reflect the new 
level of fill. Therefore, the almost-empty flag of a FIFO containing (X + 1 ) or more words remains low if two cycles 
of CLKB have not elapsed since the write that filled the memory to the (X + 1 ) level. AE is set high by the second 
low-to-high transition of CLKB after the FIFO write that fills memory to the (X + 1) level. 
A low-to-high transition of CLKB begins the first synchronization cycle if it occurs at time t S |<(2), or greater, after 
the write that fills the FIFO to (X + 1) words. Otherwise, the subsequent CLKB cycle can be the first 
synchronization cycle (see Figure 8). 
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almost-full flag (AF) 

The almost-full flag of a FIFO is synchronized to the port clock that writes data to its array (CLKA). The state 
machine that controls an almost-full flag monitors a write-pointer and read-pointer comparator that indicates 
when the FIFO SRAM status is almost full, almost full— 1 , or almost full— 2. The almost-full state is defined by 
the contents of register Y. This register is loaded with a preset value during a FIFO reset, programmed from port 
A, or programmed serially (see almost-empty flag and almost-full flag offset programming) . AF is low when the 
number of words in the FIFO is greater than or equal to (1 024 - Y). AF is high when the number of words in the 
FIFO is less than or equal to [1 024 - (Y + 1 )]. A data word present in the FIFO output register has been read 
from memory. 

Two low-to-high transitions of CLKA are required after a FIFO read for its almost-full flag to reflect the new level 
of fill. Therefore, the almost-full flag of a FIFO containing [1 024 - (Y + 1 )] or less words remains low if two cycles 
of CLKA have not elapsed since the read that reduced the number of words in memory to [1 024 - (Y + 1 )). AF 
is set high by the second low-to-high transition of CLKA after the FIFO read that reduces the number of words 
in memory to [1 024 - (Y + 1 )]. A low-to-high transition of CLKA begins the first synchronization cycle if it occurs 
at time t S |<(2), or greater, after the read that reduces the number of words in memory to [1024 - (Y + 1)]. 
Otherwise, the subsequent CLKA cycle can be the first synchronization cycle (see Figure 9). 

synchronous retransmit 

The synchronous-retransmit feature of the SN54ACT3641 allows FIFO data to be read repeatedly starting at 
a user-selected position. The FIFO is first put into retransmit mode to select a beginning word and prevent 
on-going FIFO write operations from destroying retransmit data. Data vectors with a minimum length of three 
words can retransmit repeatedly starting at the selected word. The FIFO can be taken out of retransmit mode 
at any time and allow normal device operation. 

The FIFO is put in retransmit mode by a low-to-high transition on CLKB when the retransmit-mode (RTM) input 
is high and OR is high. This rising CLKB edge marks the data present in the FIFO output register as the first 
retransmit data. The FIFO remains in retransmit mode until a low-to-high transition occurs while RTM is low. 

When two or more reads have been done past the initial retransmit word, a retransmit is initiated by a low-to-high 
transition on CLKB when the read-from-mark (RFM) input is high. This rising CLKB edge shifts the first 
retransmit word to the FIFO output register and subsequent reads can begin immediately. Retransmit loops can 
be done endlessly while the FIFO is in retransmit mode. RFM must be low during the CLKB rising edge that takes 
the FIFO out of retransmit mode. 

When the FIFO is put into retransmit mode, it operates with two read pointers. The current read pointer operates 
normally, incrementing each time a new word is shifted to the FIFO output register and used by the OR and AE 
flags. The shadow read pointer stores the SRAM location at the time the device is put into retransmit mode and 
does not change until the device is taken out of retransmit mode. The shadow read pointer is used by the IR 
and AF flags. Data writes can proceed while the FIFO is in retransmit mode, but AF is set low by the write that 
stores (102 - Y) words after the first retransmit word. The IR flag is set low by the 1024th write after the first 
retransmit word. 

When the FIFO is in retransmit mode and RFM is high, a rising CLKB edge loads the current read pointer with 
the shadow read-pointer value and the OR flag reflects the new level of fill immediately. If the retransmit changes 
the FIFO status out of the almost-empty range, up to two CLKB rising edges after the retransmit cycle are 
needed to switch AE high (see Figure 11)._The rising CLKB edge that takes the FIFO out of retransmit mode 
shifts the read pointer used by the_[R and AF flags from the shadow to the current read pointer. If the change 
of read pointer used by IR and AF should cause one or both flags to transition high, at least two CLKA 
synchronizing cycles are needed before the flags reflect the change. A rising CLKA edge after the Fl FO is taken 
out of retransmit mode is the first synchronizing cycle of IR if it occurs at time \ S k(\)> or greater, after the rising 
CLKB edge (see FigureJ2). A rising CLKA edge after the FIFO is taken out ot retransmit mode is the first 
synchronizing cycle of AF if it occurs at time t S |<(2), or greater, after the rising CLKB edge (see Figure 14). 
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mailbox registers 

Two 36-bit bypass registers are on the SN54AGT3641 to pass command and control information between port A 
and port B. The mailbox-select (MBA, MBB) inputs choose between a mail register and a FIFO for a port data 
transfer opera tion. A low^to-high transition on CLKA writes AO- A35 data to the mail 1 register when a port A write 
is selected by CSA, W/RA, and ENA with MBA hig h. A lo w-to-high transition on CLKB writes B0-B35 data to 
the mail2 register when a port-B writ e is sel ec ted by C SB, W/RB, and ENB with MBB high. Writing data to a mail 
register sets its corresponding flag (MBF1 or MBF2) low. Attempted writes to a mail register are ignored while 
its mail flag is low. 

When the port-B data (B0-B35) outputs are active, the data on the bus comes from the FIFO output register 
when the port-B mailbox select (MBB) input is low and from the maiH register when MBB is high. Mai l2 data 
is always present on the port-A data (A0-A35) outputs when they are active. Th e main register flag (MBF1) 
is set high by a low-to-high transiti on on C LKB when a port-B read is selected by CSB, W/RB, and ENB with 
MBB high. Th e mai l2 register flag (MBF2) is set high by a low-to-high transition on CLKA when a port-A read 
is selected by CSA, W/RA, and ENA with MBA high. The data in a mail register remains intact after it is read 
and changes only when new data is written to the register. 



CLKA 



CLKB 



FS1, FSO 



OR 



AE 



AF 



MBF1, 
MBF2 




RST 



* |*~ tsu(RS) | 



|+Vh(FS) 
tsu(FS)j«-^ | 



I tpd(C-IR) t« H ! tpd(C-IR) |« >j 



tpd(C-OR) 



tpd(R-F) 



tpd(R-F) |* 



tpd(R-F) N- J 



2ZZZZZZZZZZP 



Figure 1. FIFO Reset Loading X and Y With a Preset Value of Eight 
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CLKA 



RST 




tsu(FS) 



tpd(C-IR) |* 



IR 



Jr 



I »8U(EN1) U-*l I 



th(EN1) 



ena i ^xxxv vxxxxy 

W<3 r ,h(D) 

ao-a35 ;xxxxxxxxxxxxxx^^ 



AF Offset 
(Y) 



AE Offset First Word Stored in FIFO 
(X) 



NOTE A: CSA = L, W/RA = H, MBA = L. It is not necessary to program offset register on consecutive clock cycles. 

Figure 2. Programming the Almost-Full Flag and Almost-Empty Flag Offset Values From Port A 



CLKA 



RST 
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t8U(FS) U-t h(FS ) t su(SD )|<-M I «WCBD)|#-J ' 



FSO/SD 



AF Offset AE Offset 

(Y) MSB (X) LSB 

NOTE A: It is not necessary to program offset register bits on consecutive clock cycles. FIFO write attempts are ignored until IR is set high. 



Figure 3. Programming the Almost-Full Flag and Almost-Empty Flag Offset Values Serially 
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Figure 4. FIFO Wrlte-Cycle Timing 
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Figure 5. FIFO Read-Cycle Timing 
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B0-B35 



Old Data in FIFO Output Register 



W1 



t t S k(-| ) is the minimum time between a rising CLKA edge and a rising CLKB edge for OR to transition high and to clock the next word to the FIFO 
output register in three CLKB cycles. If the time between the rising CLKA edge and rising CLKB edge is less than t S k(i ), the transition of OR high 
and the first word load to the output register can occur one CLKB cycle later than shown. 



Figure 6. OR-Flag Timing and First-Data-Word Fallthrough When the FIFO Is Empty 
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t t S k(i ) is the minimum time between a rising CLKB edge and a rising CLKA edge for IR to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than t s |<(i), IR can transition high one CLKA cycle later than shown. 



Figure 7. IR-Flag Timing and First Available Write When the FIFO Is Full 
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t tsk^) is the minimum time between a rising CLKA edge and a rising CLKB edge for AE to transition high in the next CLKB cycle. If the time between 

the rising CLKA edg e and rising CLKB edge is less than t s |<(2), AE ca n transition high one CLKB cycle later than shown. 
NOTE A: FIFO write (CSA - L, W/RA = H, MBA = L), FIFO read (CSB * L, W/RB = H, MBB = L) 

Figure 8. Timing for AE When FIFO is Almost Empty 
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t t S k(2) is the minimum time between a rising CLKA edge and a rising CLKB edge for AF to transition high in the next CLKA cycle. If the time between 

the rising CLKB edg e and rising CLKA edge is less than t s w2), AFca n transition high one CLKA cycle later than shown. 
NOTE A: FIFO write (CSA = L, W/RA = H, MBA = L), FIFO read (CSB = L, W/RB = H, MBB = L) 

Figure 9. Timing for AF When FiFO Is Almost Full 
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k-ta-»| 

ZZDt 



W2 
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r»-t a -*| 



WO 



W1 



Retransmit From 
Selected Position 



End Retransmit 
Mode 



NOTE A: CSB = L, W/RB = H, MBB = L. No input enables other than RTM and RFM are needed to control retransmit mode or begin a retransmit. 
Other enables are shown only to relate retransmit operations to the FIFO output register. 



Figure 10. Retransmit Timing Showing Minimum Retransmit Length 
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X or Fewer Words From Empty 



+[— tpd(C-AE) 



or More Words From Empty 



NOTE A: X is the value loaded in the almost-empty flag offset register. 

Figure 11. AE Maximum Latency When Retransmit Increases the Number of Stored Words Above X 
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j tpd(C-IR) |« H 

IR FIFO Filled to First Retransmit Word J f One or More Write Locations Available 

I 

"-KB _J \_J \ / \__/ \__y \_ 
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>™ ^ 

t t S k(i ) is the minimum time between a rising CLKB edge and a rising CLKA edge for I R to transition high in the next CLKA cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than t S k(i), IR can transition high one CLKA cycle later than shown. 

Figure 12. IR Timing From the End of Retransmit Mode When One or More Write Locations Are Available 



k-t 8k( 2)t-H 

clka \ / — \\_jn s f \ / S 

I tpd(C-AE) f H 

AF (1024 - Y) or More Words Past First Retransmit Word ) f (Y + 1) or More Write Locations Available 

I 

C^B / \_J \ / S / S / S 



*su(RM) l« — *p— *l l h(RM) 



t t S k(2) is the minimum time between a rising CLKB edge and a rising CLKA edge for AF to transition high in the next CLKA cycle. If the time between 

the rising CLKB edge and rising CLKA edge is less than t s |<(2), AF can transition high one CLKA cycle later than shown. 
NOTE A: Y is the value loaded in the almost-full flag offset register. 

Figure 13. AF Timing From the End of Retransmit Mode When (Y + 1) 
or More Write Locations Are Available 
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Figure 14. Timing for MaiH Register and MBF1 Flag 
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Figure 15. Timing for Mail2 Register and MBF2 Flag 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, V<x • V to 7 V 

Input voltage range, Vj (see Note 1) — -0.5 V to V<x + 0- 5 v 

Output voltage range, Vq (see Note 1 ) -0.5 V to Vcc + 0.5 V 

Input clamp current, I|k(V|<0 or V|>Vcc) ±20 mA 

Output clamp current, Iqk ( v O < 0 or Vq > Vcc) ±5 ° mA 

Continuous output current, Iq (Vq = 0 to Vqo) ■ ±50 mA 

Continuous current through Vcc or GND ±400 mA 

Operating free-air temperature range, Ta -55°C to 1 25°C 

Storage temperature range, T stg -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output voltage ratings may be exceeded provided the input and output current ratings are observed. 



recommended operating conditions 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


v 


V|L 


Low-level input voltage 


0.8 


v 


'OH 


High-level output current 


-4 


mA 


lOL 


Low-level output current 


8 


mA 


t a 


Operating free-air temperature 


-55 


125 


°C 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


VOH 


Vqc = 4 -5 V, Ioh = -4 mA 


2.4 


V 


vol 


Vcc = 4.5 V, loL = 8mA 


0.5 


V 


ii 


Vcc = 5.5V, V|»V C cor0 


±5 


HA 


ioz 


Vcc - 5.5 V, V O = V C Cor0 


±5 


MA 


"cc§ 


Vcc - 5.5 V, V| = Vcc " 0-2 V or 0 


400 


HA 


Alec 11 


Vcc - 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


CSA-V|H 


A0-A35 


0 


mA 


CSB.Vih 


B0-B35 


0 


CSA-V|l 


A0-A35 


1 


CSB = V| L 


B0-B35 


1 


All other inputs 


1 


Cj 


V| = 0, f = 1 MHz 


4 


PF 


Co 


Vq = 0, f = 1 MHz 


8 


PF 



* All typical values are at Vcc = 5 V, Ta = 25°C. 
§ Ice IS measured in the A to B direction. 

1f This is the supply current when each input is at one of the specified TTL voltage levels rather than 0 V or Vcc- 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 15) 





MIN MAX 


UNIT 


fclock 


Clock frequency, CLKA or CLKB 


50 


MHz 


tc 


Clock cycle time, CLKA or CLKB 


20 


ns 


tw(CH) 


Pulse duration, CLKA and CLKB high 


8 


ns 


WCL) 


Pulse duration, CLKA and CLKB low 


8 


ns 


*su(D) 


Setup time, A0-A35 before CLKAt and B0-B35 before CLKB? 


6 


ns 


*su(EN1) 


Setup time, ENA to CLKAt; ENB to CLKBt 


6 


ns 


tsu(EN2) 


Setup time, CSA, W/RA, and MBA to CLKAt; CSB, W/RB, and MBB to CLKBt 


7.5 


ns 


W/RA to CLKAt 


9 


tsu(RM) 


Setup time, RTM and RFM to CLKBt 


6.5 


ns 


tsu(RS) 


Setup time, RST low before CLKAt or CLKBtt 


6 


ns 


tsu(FS) 


Setup time, FSO and FS1 before RST high 


10 


ns 


*su(SD)* 


Setup time, FSO/SD before CLKAt 


6 


ns 


tsu(SEN)* 


Setup time, FS1 /SEN before CLKAt 


6 


ns 


*h(D) 


Hold time, A0-A35 after CLKAt and B0-B35 after CLKBt 


0 


ns 


t n (EN1) 


Hold time, ENA after CLKAt; ENB after CLKBt 


0 


ns 


Vi(EN2) 


Hold time, CSA, W/RA, and MBA after CLKAt; 
CSB, W/RB, and MBB after CLKBt 


0 


ns 


*n(RM) 


Hold time, RTM and RFM after CLKBt 


0 


ns 


*h(RS) 


Hold time, RST low after CLKAt or CLKBt t 


6 


ns 


th(FS) 


Hold time, FSO and FS1 after RST high 


0 


ns 


th(SP)* 


Hold time, FS1/SEN high after RST high 


0 


ns 


th(SD)* 


Hold time, FSO/SD after CLKAt 


0 


ns 


th(SEN)* 


Hold time, FS1/SEN after CLKAt 


0 


ns 


*sk(1) § 


Skew time between CLKAt and CLKBt for OR and I R 


11 


ns 


t §K(2) § 


Skew time between CLKAt and CLKBt for AE and AF 


16 


ns 



t Requirement to count the clock edge as one of at least four needed to reset a FIFO 
t Only applies when serial load method is used to program flag offset registers 

§ Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between CLKA cycle and 
CLKB cycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, Cl = 30 pF (see Figures 1 through 15) 



PARAMETER 


MIN 


MAX 


UNIT 


ta 


Access time, CLKBt to B0-B35 


3 


15 


ns 


tpd(C-IR) 


Propagation delay time, CLKAt to IR 


1 


10 


ns 


tpd(C-OR) 


Propagation delay time, CLKBt to OR 


1 


10 


ns 




Propagation delay time, CLKBt to AE 


1 


10 


ns 


tpd(C-AF) 


Propagation delay time, CLKAt to AT 


1 


10 


ns 


tpd(C-MF) 


Propagation delay time, CLKAt to MBF1 low or MBF2 high and 
CLKBt to MBF2 low or MBF1 high 


0 


10 


ns 


tpd(C-MR) 


Propagation delay time, CLKAt to B0-B35t and CLKBt to A0-A35* 


3 


15 


ns 


tpd(M-DV) 


Propagation delay time, MBB to BO- B35 valid 


3 


15 


ns 


tpd(R-F) 


Propagation delay time, RST low to A~E low and A~F high 


1 


20 


ns 


*en 


Enable time, CSA and W/RA low to AO - A35 active and 
CSB low and W/RB high to B0-B35 active 


2 


13 


ns 


*dis 


Disable time, CSA or W/RA high to A0-A35 at high impedance and 
CSB high or W/RB low to BO - B35 at high impedance 


1 


10 


ns 



t Writing data to the maih register when the B0-B35 outputs are active and MBB is high 
$ Writing data to the mail2 register when the AO- A35 outputs are active and MBA is high 
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TYPICAL CHARACTERISTICS 
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CLOCK FREQUENCY 
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fclock - Clock Frequency - MHz 
Figure 16 

calculating power dissipation 

The 'ccffl current in Figure 16 was taken while simultaneously reading and writing the FIFO on the 
SN54ACT3641 with CLKA and CLKB set to f C fock- AH data inputs and data outputs change state during each 
clock cycle to consume the highest supply current. Data outputs are disconnected to normalize the graph to a 
zero-capacitance load. Once the capacitive load per data-output channel and the number of SN54ACT3641 
inputs driven by TTL high levels are known, the power dissipation can be calculated with the equation below. 

With lcc(f) taken from Figure 1 6, the maximum power dissipation (Pj) of the SN54ACT3641 can be calculated 
by: 



Pt = 


VCC x [ , CC(f) + (N x AI C c x dc)] + £(C L x V cc 2 x f 0 ) 


where: 




N 


= number of inputs driven by TTL levels 


A| cc 


= increase in power supply current for each input at a TTL high level 


dc 


= duty cycle of inputs at a TTL high level of 3.4 V 


C L 


= output capacitive load 


to 


= switching frequency of an output 



When no reads or writes are occurring on the SN54ACT3641 , the power dissipated by a single clock (CLKA 
or CLKB) input running at frequency fclock is calculated by: 

Pt = Vcc x fclock x 0.29 mA/MHz 
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PARAMETER MEASUREMENT INFORMATION 

5V 



From Output 
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680 Q 



1100 O 



30 pF 

(see Note A) 
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NOTE A: Includes probe and jig capacitance 
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Figure 17. Load Circuit and Voltage Waveforms 
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General Information 



1 



Telecom Sinale-Bit FIFOs 


2 


Reduced-Width FIFOs 




0-Bit Clocked/Strobed FIFOs 


E 


8- and 9-Bit Asynchronous FIFOs 


5 


9*Bit Synchronous FIFOs 


6 


18-Bit Clocked FIFOs Ml 


18-Bit Strobed FIFOs 


8 


Multi-Q™ 18-Bit FIFO 


9 


3.3-V Low-Powered 18-Bit FIFOs 


10 


DSP 32- and 36-Bit Clocked FIFOs 


11 


Internetworking 36-Bit Clocked FIFOs 


12 


High-Bandwidth Computing 36«Bit Clocked FIFOs 


13 


Military FIFOs 


14 


Application Reports 


15 


Mechanical Data 


16 
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INTRODUCTION 



This section of application reports complements the information contained in the Texas Instruments 1996 
High-Performance FIFO Memories Designer's Handbook (literature number SCAA012A) which provides an 
expanded series of FIFO application reports and complete list of available very high-speed integrated circuits 
(VHSIC) hardware-description language (VHDL) models. This section of the FIFO data book contains 
information that is useful to the designer, such as sample power-dissipation calculations, mechanical packaging 
data, thermal resistance data, and quality/reliability assurance information. 

For further information on Texas Instrument FIFO products or applications, please contact the Advanced 
System Logic hotline at 903-868-5202. 
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IMPORTANT NOTICE 



Texas Instruments (Tl) reserves the right to make changes to its products or to discontinue any semiconductor 
product or service without notice, and advises its customers to obtain the latest version of relevant information 
to verify, before placing orders, that the information being relied on is current. 

Tl warrants performance of its semiconductor products and related software to the specifications applicable at 
the time of sale in accordance with TPs standard warranty. Testing and other quality control techniques are 
utilized to the extent Tl deems necessary to support this warranty. Specific testing of all parameters of each 
device is not necessarily performed, except those mandated by government requirements. 

Certain applications using semiconductor products may involve potential risks of death, personal injury, or 
severe property or environmental damage ("Critical Applications"). 

Tl SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED 
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER 
CRITICAL APPLICATIONS. 

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer. Use of Tl 
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning 
potential risk applications should be directed to Tl through a local SC sales office. 

In order to minimize risks associated with the customer's applications, adequate design and operating 
safeguards should be provided by the customer to minimize inherent or procedural hazards. 

Tl assumes no liability for applications assistance, customer product design, software performance, or 
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either 
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property 
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products 
or services might be or are used. 



Copyright © 1996, Texas Instruments Incorporated 
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Introduction 



Steady increases in microprocessor operating frequencies and bus widths over recent years have challenged system designers 
to find FIFO memories that meet their needs. To assist the designer, new FIFOs from Texas Instruments (TI) are available with 
features that complement these microprocessor trends. 

Higher data-transfer rates have dictated the need for FIFOs to evolve into clocked architecture wherein data is moved in and out 
of the device with synchronous controls. Each synchronous control of the clocked FIFO uses enable signals that synchronize the 
data exchange to a free-running (continuous) clock. 

Since the continuous clocks on each port of a clocked FIFO can operate asynchronously to each other, internal status signals 
indicating when the FIFO is empty or full can change with respect to either clock. To use a status signal for port control, it is 
synchronized to the port's clock on a clocked FIFO. Synchronization of these signals with flip-flops introduces metastability 
failures that increase with clock frequency. TI uses two-stage flag synchronization to greatly improve reliability. 

Higher clock frequencies augment raw speed, but greater bandwidth is also achieved by increasing the data width. Wider 
datapaths can have the associated cost of large board area due to increased package sizes. New compact packages for TPs FIFOs 
reduce this cost. 

Clocked FIFOs 

Clocked FIFOs have become popular for relieving bottlenecks in high-speed data traffic. Data transfers for many systems are 
synchronized to a central clock with read and write enables. These free-running clocks can be input directly to a clocked FIFO 
with the same enables controlling its data transfer on the low-to-high transition of the clock. 

Reducing the number of clocks keeps the interface simple and easy to manage. Extra logic is needed to produce a gated pulse 
when using a FIFO that accepts a clock only for a data transfer request. The generated clock signal is a derivative of the master 
clock with a margin of timing uncertainty. At high clock frequencies, this timing uncertainty is not tolerable and costly 
adjustments are needed. 

Additional logic also is conserved by implementing flag synchronization on the clocked FIFO. Tracking is done to generate flags 
that indicate when the memory is empty or full. In many applications, the input and output to the FIFO are async hronous a nd the 
flag signals must be synchronized for use as control. A read is not completed on the FIFO if no data is ready, so the EMPTY signal 
is s ynchro nized to the read clock. This synchronous output-ready (OR) flag is useful for controlling read operations. Likewise, 
the FULL signal is synchronized to the write clock, producing the input-ready (IR) flag. 

Flag Synchronization 

As previously explained, one of the advantages of the clocked FIFO is the on-board synchronization of the EMPTY and FULL 
status flags when the input and output are asynchronous. In one method of synchronization, a single flip-flop captures the 
asynchronous flag's value (see Figure 1). With this method, the rising transition of data can violate the flip-flop's setup time and 
produce a metastable event (metastability is a malfunction of a flip-flop wherein the latch hangs between high and low states for 
an indefinite period of time). 
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Figure 1. Triggering a Metastable Event With a One-Stage Synchronizer 

Once a metastable event is triggered, the probability of the output recovering to a high or low level increases exponentially with 
increased resolve time (t^. The expected time until the output of a single flip-flop with asynchronous data has a metastable event 
that lasts tj. or longer is characterized by the following mean time between failures (MTBF) equation: 



exp| 



MTBF! 



to fc fd 



Where: 



t 0 - flip-flop constant representing the time window during which changing data invokes a failure 
tf - resolve time allowed in excess of the normal propagation delay 
t - flip-flop constant related to the settling time of a metastable event 
f c - clock frequency 

fd - asynchronous data frequency. For OR-flag analysis, it is the frequency at which data is 

written to empty memory. For IR-flag analysis, it is the frequency at which data is read from 
full memory. 



The MTBF decreases as clock and data frequency increase and as the time allowed for a metastable event to settle (tf) decreases. 

Metastability failures are a formidable issue for short-clock cycle times. Increasing the clock frequency linearly increases the 
number of metastable events triggered, but the shortened available resolve time exponentially increases the failure rate. It is 
impossible to eliminate the possibility of a metastable event under these conditions, but solutions exist to reliably increase the 
expected time between failures. 



Clock 



Asynchronous 
Flag 




Synchronized 
Flag 



Figure 2. Two-Stage Synchronizer 
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TI increases the metastable MTBF by several orders of magnitude for IR and OR flags by employing two-stage synchronization 
(see Figure 2). For the output of the second stage to be metastable, the first stage must have a metastable event that lingers until 
it encroaches upon the setup time of the second stage. Adding another stage to a single flip-flop synchronizer is statistically 
equivalent to increasing its resolve time by the clock period minus its propagation delay. The mean time between failures for a 
two-stage synchronizer is given by: 



exp 



MTBF, = 



t r +4— tp 



to f c fd 



Where: 



propagation delay of the first flip-flop 
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-82.860 


-67.86 
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f c = 50 MHz, fd = 5 MHZ, Vqc = 5 V 
(a) ONE-STAGE SYNCHRONIZATION 

Figure 3. Storage Oscilloscope Plots Taken Over a 15-Hour Duration 



f c = 66.7 MHz, f d = 6.7 MHz, Vqc = 5 V 
(b) TWO-STAGE SYNCHRONIZATION 



Figure 3 compares the two synchronization methods previously discussed. Both plots were taken at room temperature and 
nominal Yqq while each data transition violated setup time. Figure 3(a) shows the performance of an EMPTY flag synchronizer 
using only one flip-flop, while Figure 3(b) is the IR flag of an SN74ACT7807 with the write clock operating at maximum 
frequency. 



Compact Packaging 

Microprocessor bus widths have continuously doubled every few years to maximize their performance. Bus widths of 32 and 64 
bits are commonplace today, whereas they were almost unheard of a few years ago. The downside to the increased bit count is 
that each subordinate device in the system must match this width with corresponding increases in board size. 

New shrink packages for TVs clocked FIFOs provide a solution to this problem. Multiple-byte datapaths can be buffered while 
covering only a fraction of the area of conventional packages. These new FIFO packages are presently available in 56-, 64-, and 
80-pin configurations. Dubbed shrink quad flat package (SQFP), the 64-pin package is used for 9-bit-wide FIFOs, and the 80-pin 
package is used for 18-bit-wide FIFOs. Both SQFP packages have a lead pitch of 0.5 mm. The 56-pin shrink small-outline 
package has a 0.025-inch lead pitch and also houses 1 8-bit-wide FIFOs. A variety of TPs FIFOs are offered in these new packages 
(see Table 1). 
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Table 1. FIFOs Available In Space-Efficient Packages 



DEVICE 


CLOCKED 


ORGANIZATION 


CLOCK CYCLE 
TIME (ns) 


PACKAGES 


SN74ACT2235 


No 


1Kx9x2 


20, 30 40, 50 


64 TQFP 
44 PLCC 




FMO 


I fx X TO 


ok ac\ fin 


80 TQFP 
68 PLCC 


OIN/^MO I / Oil 


Vac 

yes 


1 1\ X I o 


ik 1A on ok 

ID, lo, c\J, £.0 


80 TQFP 
68 PLCC 


SN74ACT7803 
SN74ACT7805 
SN74ACT7813 


Yes 


512x18 
256x18 
64x18 


15,20,25,40 


56 SSOP 


SN74ACT7804 
SN74ACT7806 
SN74ACT7814 


No 


512x18 
256x18 
64x18 


20, 25, 40 


56 SSOP 


SN74ACT7807 


Yes 


2Kx9 


15, 20, 25, 40 


64 TQFP 
44 PLCC 


SN74ACT7808 


No 


2Kx9 


20,25, 30, 40 


64 TQFP 
44 PLCC 



Figure 4 compares the space savings of the new compact packages compared to competitive surface-mount solutions. A 4-byte 
path constructed with four clocked FIFOs in 32-pin PLCC packages occupies 1.16 in 2 , while two 56-pin SSOP packages occupy 
only 0.59 in 2 . 

1 

0.9 
0.8 
0.7 

f 0.5 
< 0.4 
0.3 
0.2 
0.1 
0 

64 TQFP 56 SSOP 80SQFP 32 PLCC 44 PLCC 68 PLCC 

Figure 4. Surface-Mount Package Area Comparison 
New Clocked FIFOs 

Four new CMOS clocked FIFOs from TI offer a variety of memory depths. All four can match applications that require maximum 
clock frequencies of 67 MHz and access times of 1 2 ns. Suited for buffering long packets, the 2K x 9 SN74ACT7807 is the deepest 
of the four and is available in the 44-pin PLCC or 64-pin TQFP. The SN74ACT7803, SN74ACT7805, and SN74ACT7813 are 
organized as 512 x 18, 256 x 18, and 64 x 18, respectively, and have the same pin arrangement in the 56-pin SSOP. Every TI 
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clocked FIFO is easily expanded in word width, and the SN74ACT7803/05/ 1 3 can also be arranged to form a bidirectional FIFO. 
With the two FIFOs connected as in Figure 5, no extra logic is needed for bidirectional operation. 




A0-A17 



18, 



ACT7803 
WRTCLK RDCLK 



WRTEN1 



WRTEN2 



OE1 
RDEN 
OE2 



D0-D17 Q0-Q17 



'ACT7803 
RDCLK WRTCLK 

OE1 
RDEN 
OE2 



WRTEN1 



WRTEN2 



Q0-Q17 D0-D17 



CLKB 
-W/RB 

CSB 



18, 



B0-B17 



Figure 5. Bidirectional Configuration for the SN74ACT7803 

Silicon is currently available for a bidirectional clocked FIFO fabricated in TI's Advanced BiCMOS (ABT) process. The 
SN74ABT78 19is organized as 512x18x2 with two internal independent FIFOs. Each port has a continuous free-running clock, 
a chip select (CS), a read/ write select (R/W), and two separate read and write enables for control. It supports clock frequencies 
in excess of 80 MHz and a maximum access time below 10 ns. This device is packaged in the 80-pin QFP and 80-pin SQFP. 



Conclusion 

Several semiconductor manufacturers, including TI, have responded to customer needs by providing clocked FIFOs whose 
synchronous interfaces conform to the requirements of many high-performance systems. Capitalizing on the available continuous 
system clocks, this architecture limits the amount of necessary glue logic and the number of timing constraints. 

Flag synchronization is important for clocked FIFOs buffering between asynchronous systems. Flip-flop synchronizers used for 
this task have a metastable failure rate that grows exponentially with clock frequency. TI employs two stages of synchronization 
that improve the flags' reliability significantly. 

Finally, providing a FIFO buffer for wide buses has historically consumed large amounts of board area. Designers seeking relief 
from mis problem can find it in the packaging options offered for TPs FIFOs. Used to house 9- and 1 8-bit devices, these packages 
require only about 50% of the space required for conventional surface-mount packages. 
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IMPORTANT NOTICE 



Texas Instruments (Tl) reserves the right to make changes to Its products or to discontinue any semiconductor 
product or service without notice, and advises its customers to obtain the latest version of relevant information 
to verify, before placing orders, that the information being relied on is current. 

Tl warrants performance of its semiconductor products and related software to the specifications applicable at 
the time of sale in accordance with Tl's standard warranty. Testing and other quality control techniques are 
utilized to the extent Tl deems necessary to support this warranty. Specific testing of all parameters of each 
device is not necessarily performed, except those mandated by government requirements. 

Certain applications using semiconductor products may involve potential risks of death, personal injury, or 
severe property or environmental damage ("Critical Applications"). 

Tl SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED 
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER 
CRITICAL APPLICATIONS. 

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer. Use of Tl 
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning 
potential risk applications should be directed to Tl through a local SC sales office. 

In order to minimize risks associated with the customer's applications, adequate design and operating 
safeguards should be provided by the customer to minimize inherent or procedural hazards. 

Tl assumes no liability for applications assistance, customer product design, software performance, or 
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either 
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property 
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products 
or services might be or are used. 



Copyright © 1996, Texas Instruments Incorporated 
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Introduction 



Texas Instruments provides seven types of plastic surface-mount packages for CMOS FIFO memory devices. These packages 
and the data bus width that each package can provide are listed in Table 1 . 

Table 1. Plastic Surface-Mount FIFO Packages 



PACKAGE 


NO. OF DATA BITS 


44-pin PLCC 


9 


64-pin TQFP 


9 


56-pin SSOP 


18 


68-pin PLCC 


18 


80-pin TQFP 


18 


80-pin QFP 


18 


120-pin TQFP 


32 or 36 



SSOP - shrink small-outline package 

PLCC = plastic leaded chip carrier 

TQFP = thin quad flat package 

QFP = quad flat package 



This application report discusses several topics concerning the FIFO packages listed in Table 1: 

• The thermal resistance, R©ja» and the chip junction temperature of the device 

• The need for dry packing to maintain safe moisture levels inside the package 

• The three methods used by Texas Instruments for shipping FIFOs to customers 

• The package dimensions, including two-dimensional drawings that show areas, heights, and lead pitches 

• The area comparison of surface-mount packages used for commercial FIFO memories 

• The test sockets available for surface-mount FIFO packages 



Thermal Resistance 

Thermal resistance is defined as the ability of a package to dissipate heat generated by an electronic device and is characterized 
by R©ja. R0JA * s me merma l resistance from the integrated circuit chip junction to the free air (ambient). Units for this parameter 
are in degrees Celsius per watt. Table 2 lists R@ja for SSOP, PLCC, TQFP, and QFP packages under five different air-flow 
environments: 0, 100, 200, 250, and 500 linear feet/minute. The chip junction temperature (Tj) can be determined using 
equation 1. 

Tj = RgjaxPt + T A (l) 

Where: 

Tj = chip junction temperature (°C) 

R.0ja " thermal resistance, junction to free-air (°C/watt) 

Pj - total power dissipation of the device (watts) 

Ta - free-air (ambient) temperature in the particular environment in which the device is operating (°C) 
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Table 2. Thermal Resistance, Rqja> for FIF0 Packages 



PACKAGE 


LEAD 


R0JA(°C/W) 


FRAME 


OLFPM 


100LFPM 


200LFPM 


250 LFPM 


500 LFPM 


56-pin SSOP 


Copper 


94.2 


82.2 


N/A 


70 


57.8 


44-pin PLCC 


Copper 


65 


N/A 


N/A 


N/A 


N/A 


68-pin PLCC 


Copper 


47.2 


43.4 


N/A 


32.7 


27.8 


64-pin TQFP 


Copper 


92.5 


87.8 


N/A 


72.9 


57.8 


80-pin TQFP 


Copper 


87.8 


79.1 


N/A 


67.3 


54.2 


120-pin TQFPt 


Copper 


49.6 


44.3 


N/A 


38.3 


28.6 


80-pin QFP 


Alloy 42 


80 


67 


61 


N/A 


N/A 



t Heat slug molded inside the package 
N/A m not available 



The Rqja generally increases with decreasing package size; however, this is not true with the 120-pin SQFP package. A heat 
slug molded inside the package absorbs a large amount of heat dissipated by the device. As a result, this package provides a 
relatively low Rqja- 

Package Moisture Sensitivity 

When a plastic surface-mount package is exposed to temperatures typical of furnace reflow, infrared (IR) soldering, or wave 
soldering (215 °C or higher), the moisture absorbed by the package turns to steam and expands rapidly. The stress caused by this 
expanding moisture results in internal and external cracking of the package that leads to reliability failures. Possible damage 
includes the delamination of the plastic from the chip surface and lead frame, damaged bonds, cratering beneath the bonds, and 
external package cracks. 

To prevent potential damage, packages that are susceptible to the effects of moisture expansion undergo a process called dry pack. 
This dry pack process helps to reduce moisture levels inside the package. The process consists of a 24-hour bake at 125° C 
followed by sealing of the packages in moisture-barrier bags with desiccant to prevent reabsorption of moisture during the 
shipping and storage processes. These moisture-barrier bags allow a shelf storage of 12 months from the date of seal. Once the 
moisture-barrier bag is opened, the devices in it must be handled by one of the following four methods, listed in order of 
preference: 

The devices may be mounted within 48 hours in an atmospheric environment of less than 60% relative humidity and 
less than 30°C. 

The devices may be stored outside the moisture-barrier bag in a dry-atmospheric environment of less than 20% relative 
humidity until future use. 

The devices may be resealed in the moisture-barrier bag adding new fresh desiccant to the bag. When the bag is opened 
again, the devices should be used within the 48-hour time limit or resealed again with fresh desiccant. 

The devices may be resealed in the moisture-barrier bag using the original desiccant. This method does not allow the 
floor life of the devices to be extended. The cumulative exposure time before reflow must not exceed a total of 48 hours. 

All plastic surface-mount FIFO devices are tested for moisture sensitivity in accordance with Texas Instruments 
JESD A 1 1 2 procedure. 
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Shipping Methods/ Quantities/ Dry Pack 

Three methods are used by Texas Instruments for shipping FIFOs to customers. These methods are tubes, tape /reel, and trays. 
The quantities for each of the shipping methods are listed in Table 3. The shipping quantity is defined as the maximum number 
of packages that can be packed in a single shipping unit (e.g., the maximum number of 56-pin SSOP packages that can be packed 
in a tube is 20). Whether or not the packages require dry pack before shipping is noted in the dry-pack column. 



Table 3. Shipping Methods and Quantities 



PACKAGE 


SHIPPING METHOD 


DRY PACK 


TUBEt 


TAPE/REELt 


TRAYSt 


56-pin SSOP 


20 


500 


N/A 


No 


44-pin PLCC 


27 


500 


N/A 


No 


68-pin PLCC 


18/19* 


250 


N/A 


Yes 


64-pin TQFP 


N/A 


N/A 


160 


Yes 


80-pin TQFP 


N/A 


N/A 


119 


Yes 


120-pin TQFP 


N/A 


N/A 


90 


Yes 


80-pin TQFP 


N/A 


N/A 


50 


Yes 



t Texas I nstruments reserves the right to change any of the shipping quantities at any time without 
notice. 

$ Eighteen packages can be packed in a single tube when pin is used as a tap or nineteen 

packages can be packed in a tube when plug is used as a tap. 
N/A = not applicable 

Package Dimensions and Area Comparison 

Figure 1 contains two-dimensional drawings of the seven available surface-mount FIFO packages. For detailed mechanical 
drawings of these packages, please refer to the mechanical drawing section of the 1 994 High-Performance FIFO Memories Data 
Book, literature #SCAD003B. 
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Area: 144.00 mm 2 
Height: 1.50 mm (PM) 
Height: 1.0 mm (PAG) 

Lead Pitch: 0.5 mm 



Area: 196.00 mm 2 
Height: 1.50 mm 
Lead Pitch: 0.5 mm 



Area: 256.00 mm 2 

Height: 1.6 mm 
Lead Pitch: 0.4 mm 




25.2 



UUUUUUUUUUU 

Area: 309.80 mm 2 
Height: 4.37 mm 
Lead Pitch: 1.27 mm 




' UUUUUUUUUUUUUUUUU 1 

Area: 635.04 mm 2 
Height: 4.37 mm 
Lead Pitch: 1.27 mm 



10.3 



| 18 .4 -| 

imiminiiiHiiiiiiiiiiii 
56-pin SSOP 



iiminnHif iiiHimnn 

Area: 189.50 mm 2 
Height: 2.59 mm 
Lead Pitch: 0.635 mm 




17.6 = 



Area: 415.40 mm 2 
Height: 2.95 mm 
Lead Pitch: 0.8 mm 



Figure 1. Package Dimensions 



Figure 2 shows the area comparison of surface-mount packages for FIFOs from Texas Instruments and other FIFO vendors. 




0 100 200 300 400 500 600 700 800 900 1000 
Area (mm 2 ) 

Figure 2. Surface-Mount Package Area Comparison 
Test Sockets 

For prototype development of a system, it is often an advantage to have sockets for surface-mount products. Test sockets available 
for use with Texas Instruments FIFO packages are listed in Table 4. Only one manufacturer is listed for each socket type, although 
other vendors may offer comparable sockets. 



Table 4. Test Sockets for FIFO Packages 



PACKAGE 


MANUFACTURER 


NUMBER 


DESCRIPTION 


56-pin SSOP 


Yamaichi 


IC51-0562-1387 


Solder through hole 


44-pin PLCC 


NEY 


6044 


Solder through hole 


68-pin PLCC 


NEY 


6068 


Solder through hole 


64-pin TQFP 


Yamaichi 


IC51 -0644-807 


Solder through hole 


80-pin TQFP 


Yamaichi 


IC51 -0804-808 


Solder through hole 


120-pin TQFP 


Yamaichi 


IC51 -1204-1 596 


Solder through hole 


80-pin QFP 


Yamaichi 


IC51 -0804-394 


Solder through hole 
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FIFO Memories: 
Fine-Pitch Surface-Mount 
Manufacturability 

First-ln, First-Out Technology 



Tom Jackson 
Advanced System Logic - Semiconductor Group 



SCZA003A 



Texas 
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IMPORTANT NOTICE 



Texas Instruments (Tl) reserves the right to make changes to its products or to discontinue any semiconductor 
product or service without notice, and advises its customers to obtain the latest version of relevant information 
to verify, before placing orders, that the information being relied on is current. 

Tl warrants performance of its semiconductor products and related software to the specifications applicable at 
the time of sale in accordance with Tl's standard warranty. Testing and other quality control techniques are 
utilized to the extent Tl deems necessary to support this warranty. Specific testing of all parameters of each 
device is not necessarily performed, except those mandated by government requirements. 

Certain applications using semiconductor products may involve potential risks of death, personal injury, or 
severe property or environmental damage ("Critical Applications"). 

Tl SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED 
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER 
CRITICAL APPLICATIONS. 

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer. Use of Tl 
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning 
potential risk applications should be directed to Tl through a local SC sales office. 

In order to minimize risks associated with the customer's applications, adequate design and operating 
safeguards should be provided by the customer to minimize inherent or procedural hazards. 

Tl assumes no liability for applications assistance, customer product design, software performance, or 
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either 
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property 
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products 
or services might be or are used. 



Copyright © 1996, Texas Instruments Incorporated 
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Introduction 



Recent advances in semiconductor processing and packaging have produced highly integrated, fine-pitch devices to satisfy the 
demand for smaller systems. With the trend towards higher chip complexity occupying less board space, device manufacturers 
must increase bit density while decreasing package size. To accommodate these requirements, manufacturers have two choices: 
increase bit density, keeping the number of pins constant while reducing pitch and area, or reduce the package lead pitch, keeping 
area constant while increasing pin count. Manufacturers of hand-held and laptop computers and data communications and 
telecommunications equipment require the use of fine-pitch packages to build and maintain a competitive advantage. 

Improved Function Density 

Texas Instruments (TI) provides five types of fine-pitch plastic surface-mount packages for its FIFO product line (see Table 1). 
Each of these surface-mount packages has lead-to-lead spacing less than or equal to 0.635 mm (0.025 in.). All of these packages 
offer designers critical board-space savings that is required for advanced systems. Compared to the commonly used 68-pin plastic 
leaded chip carrier (PLCC) for 1 8-bit FIFOs, TFs Widebus™ package, in either the 56-pin shrink small-outline package (SSOP) 
or the 80-pin thin quad flat package (TQFP), reduces board space by 70%. A 67% saving of board space is available with TFs 
36-bit FIFO family in the 120-pin TQFP compared to the 132-pin plastic quad flat package (PQFP). 



Table 1. Fine-Pitch Packages 



THIN QUAD FLAT PACKAGE (TQFP) 


THIN SHRINK 
SMALL-OUTLINE 
PACKAGE (SSOP) 


Pin count 


64 


80 


120 


132 


56 


Lead pitch (mm) 


0.5 


0.5 


0.4 


0.635 


0.635 


Footprint (mm) 


12x12 


14x14 


16x16 


28x28 


10.35x18.42 


Board area (mm 2 ) 


144 


196 


256 


784 


190.6 


Package suffix 


PM 


PN 


PCB 


PQ 


DL 



Manufacturing 

Manufacturers are currently employing high-volume board-assembly techniques using standard lead pitches of 0.5 mm (20 mils) 
and greater. However, as lead pitch continues to decrease, questions must be asked of both the manufacturer and the supplier: 

Are fine-pitch packaging capabilities available? 

Does production equipment have sufficient accuracy to produce high-volume, high-quality parts? 

Do the manufacturing personnel have experience inhigh-volume, high-quality production using fine-pitch packaging? 

Have the testability issues of fine-pitch packaging been considered? 

Standard processing techniques such as those used with surface-mount rigid-lead packages become difficult with fine-pitch 
packaging. Manufacturing issues may arise from compromises in screen-printing techniques, solder board/ lead coplanarity, 
placement-accuracy requirements of components, and solder deposition methods (e.g., mass reflowing). All of these factors can 
result in shorts or opens due to poor placement, too much solder, or not enough solder. These issues influence the overall yield 
and reliability of the product. 



Widebus is a trademark of Texas Instruments Incorporated. 
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Equipment for the placement of fine-pitch packaging must feature a highly accurate positioning system. Placement accuracy for 
fine-pitch packages must increase as lead pitch decreases. Misaligned packages and boards greatly reduce production yields as 
well as throughput. Systems that feature state-of-the-art machine vision, align and inspect leads, and calculate registration with 
an extremely high degree of accuracy and repeatability, ensure high production yields. There must also be careful control over 
the Z-axis pressure when placing these fine-pitch packages to protect the lead coplanarity. Currently, there are systems available 
with accurate placement as fine as 0.1 -mm pitch. 

One of the most critical issues facing the manufacturer is the reliability of the footprint design. Constraints include the length 
and width of the footprint and the amount of solder paste used to produce a good joint. If too much solder is used, the footprint 
can bridge, causing a short (see Table 2). The minute dimensions associated with fine-pitch packages require that the footprint 
be drawn to the highest level of accuracy in order to ensure consistent reliability. Board assemblers must be able to match the 
footprint with the same level of accuracy and repeatability. 



As previously discussed, the key to ensuring high yield is an accurate footprint pattern. Many manufacturers request footprint 
patterns and dimensions to assist in their board assembly. There are several factors to consider when designing a footprint pattern 
to ensure reliability: 

• Device design - JEDEC or EIAJ Standard 

• PWB - foil thickness, number of layers, supplier's capabilities 

• Solder paste - type, solder mesh 

• Printer - manufacturer, standoff control, squeegee pressure 

• Print mask - type (stencil/mesh), tension, bias 

• Reflow process - preheat, temperature, dwell, etc. 

The key dimensions for designing an accurate footprint layout are shown in Figure 1 . 



Table 2. Defect Causes and Effects 



DEFECT 



CONTROL 



Solder bridging 
Open circuits 
Shorts and opens 



Control the solder-paste quantity 

Control solder-paste thickness and maintain lead coplanarity 
Control equipment accuracy in the placement of parts 




A 
Bl 
B 2 



L 
P 
S 



Distance Package Edge to End of Pad 
Pad Extension Beyond Heel of Foot 
Pad Extension Beyond Toe of Foot 
Lead Foot Length 
Lead Pitch 

Distance From Center of Pin to Center of Pin 




S 



Figure 3. Footprint Diagram 
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Palladium-Plated Lead Frames 



Another area for manufacturers to investigate is metallization, or bonding of the leads to the circuit board with solder. There are 
several widely used localized reflow techniques including hand soldering, hot bar, focused infrared (IR), and laser. With each 
technique, heat is applied to the leads until the solder melts. When the heat source is removed, the solder cools forming the joint. 
Each manufacturer must make the choice between precision point-to-point systems (one chip at a time) and the speed of gang 
bonding (multiple chip bonding). Another area of metallization to consider is preplating of the leads by the device manufacturer. 
TI has begun to implement palladium (Pd) lead plating on many fine-pitch packages. These efforts began with joint testing of 
palladium-plated leads with several large computer and telecom customers in 1987. Since then, TI has begun high- volume 
manufacturing with over five billion palladium-plated devices in the field. 

Palladium preplating is essentially a nickel- (Ni) plated lead frame that has a minimum of 3 micro inches (0.076 micron) of Pd. 
The Pd finish protects the Ni from oxidation and eliminates the need for silver spotting. Silver (Ag) spots are used to attach the 
fine wires from the die to the lead frames. However, the silver can migrate over time to form extraneous electrical contacts that 
greatly impact reliability. Many problems associated with fine-pitch manufacturing can be eliminated with palladium preplating: 

• Reduces excess solder 

• Excellent Pd wetting characteristics 

• Reduced handling 

• Improved package integrity 

• Reduced mechanical damage 

• Tarnish resistant 

• Compatible with existing assembly processes 

• Excellent adhesion to mold compounds 

Table 3 shows the results of a solder-joint strength test comparing Pd solder joints to traditional solder joints. The results 
demonstrate an equal performance between the two techniques. Palladium preplating also exhibits adhesion to most mold 
compounds, which reduces moisture ingress and plastic-to-lead-frame delimitation. 



Table 3. Results of Soldered Joint Strength 



SAMPLE 


HOURS OF HEAT AGING 


OHR 


8HR 


16 HR 


24 HR 


3 microinches Pd 
Solder dip 


5.17 Ibf 
5.07 Ibf 


5.95 Ibf 
4.51 Ibf 


5.85 Ibf 
5.55 Ibf 


471 Ibf 
5.50 Ibf 



In many cases, the cause for shorts and opens can be attributed to lead coplanarity, or the extent to which all leads lie in a single 
plane. This holds especially true for fine-pitch packaging due to the smaller geometries and delicate leads. Traditional 
solder-dipped leads tend to have more pin-to-pin alignment problems than the Pd-plated leads. The Pd-preplated leads have a 
more conformal and uniform coating than those that are solder dipped since the plating is performed prior to the packaging process 
(see Figure 4). An increase in coplanarity improves overall circuit reliability. The excellent wetting characteristics of Pd improve 
the wicking effects of solder and form a better solder joint/ fillet. The thin Pd coating and minimal handling reduce the chance 
of coplanarity problems (i.e., shorts and opens) and also produce uniform solder joints with a minimum amount of solder. Table 
4 lists TPs fine-pitch packages that implement Pd plating. 
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Figure 4. Coplanarity Results 
Table 4. Lead-Frame Platings by Package Type 



PACKAGE 


SUFFIX 


LEAD FRAME 


132-pin PQFP 


PQ 


Palladium 


120-pin TQFP 


PCB 


Palladium 


80-pin TQFP 


PN 


Solder 


64-pin TQFP 


PM 


Solder 


56-pin SSOP 


DL 


Palladium 



Testability 

Another issue introduced by the onset of fine-pitch surface-mount packages involves testing circuit boards. With denser 
printed-circuit boards heavily populated with fine-pitch surface-mount packages, the issues involved with functional testing 
should be addressed. One of the most cost-effective solutions is the implementation of boundary-scan methodology defined by 
the joint test action group (JTAG) and adopted by the IEEE 1149.1 committee. JTAG devices incorporate on-chip test points 
called boundary-scan cells and utilize a serial-scan protocol through the device. Devices with JTAG can be designed into the 
datapath and provide the controllability and observability needed to troubleshoot manufacturing defects. 



Design/ Preproduction Considerations 

For designers who wish to implement fine-pitch packaging, TI provides an easy alternative for the development of prototypes 
and breadboarding. TI has worked with several test-socket manufacturers who provide accurate and easy-to-use through-hole 
test sockets for all of their surface-mount packaging. In addition to test sockets, TI also offers mechanical packages. These are 
packages that include lead frames without the silicon and meet all mechanical specifications. Mechanical packages provide an 
inexpensive means for manufacturing capability studies, machine setup, personnel training, and process-development work (see 
Table 5). 
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Table 5. Available Fine-Pitch Test Sockets and Mechanical Packages 



SOCKET 
TYPE 


MANUFACTURER 


PART NUMBER 


DESCRIPTION 


64-pin TQFP 


Yamaichi 


IC51-0644-807 


Through hole 


56-pin SSOP 


Yamaichi 


IC51-0562-1514 


Through hole 


80-pin TQFP 


Yamaichi 


IC51 -0804-808 


Through hole 


120-pin TQFP 


Yamaichi 


IC51 -1204-1 596 


Through hole 


132-pin PQFP 


Yamaichi 


IC51-828-KS12338 


Through hole 



PACKAGE 


Tl PART NUMBER 


64-pin TQFP 
56-pin SSOP 
80-pin TQFP 
120-pin TQFP 


SN700870PM 
SN250011DLR 
SN700871PN 
SN700782PCB 



Conclusion 

Designs that incorporate fine-pitch packages have the advantage of critical board-space reduction. As designers continue to 
implement higher levels of integration, board space remains at a premium. With the implementation of concurrent engineering 
practices from design to test to manufacturing, many packaging difficulties can be overcome. Fine-pitch packaging is the 
designers' easiest option to reduce critical board space without the loss of higher chip integration. 
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to verify, before placing orders, that the information being relied on is current. 

Tl warrants performance of its semiconductor products and related software to the specifications applicable at 
the time of sale in accordance with Tl's standard warranty. Testing and other quality control techniques are 
utilized to the extent Tl deems necessary to support this warranty. Specific testing of all parameters of each 
device is not necessarily performed, except those mandated by government requirements. 
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Introduction 



This report is intended to help the user understand more clearly the issues relating to the metastable performance of Texas 
Instruments (TI) clocked FIFOs in asynchronous-system applications. It discusses basic metastable-operation theory, shows the 
equations used to calculate metastable failure rates for one and two stages of synchronization, and describes the approach TI has 
used for synchronizing the status flags on its series of clocked FIFOs. Additionally, a test setup for measuring the failure rate of 
a device to determine its metastability parameters is shown and results are given for both an advanced BiCMOS (ABT) FIFO 
and an advanced CMOS (ACT) FIFO. Using these parameters, calculations of MTBF under varying conditions are performed. 



Metastability in digital systems occurs when two asynchronous signals combine in such a way that their resulting output goes 
to an mdeterminate state. A common example is the case of data violating the setup and hold specifications of a latch or a flip-flop. 
In a synchronous system, the data always has a fixed relationship with respect to the clock. When that relationship obeys the setup 
and hold requirements for the device, the output goes to a valid state within its specified propagation delay time. However, in 
an asynchronous system, the relationship between data and clock is not fixed; therefore, occasional violations of setup and hold 
times can occur. When this happens, the output may go to an intermediate level between its two valid states and remain there for 
an indefinite amount of time before resolving itself or it may simply be delayed before making a normal transition 1 . In either case, 
a metastable event has occurred. 

Metastable events can occur in a system without causing a problem, so it is necessary to define what constitutes a failure before 
attempting to calculate a failure rate. For a simple CMOS latch, as shown in Figure 1 , valid data must be present on the input for 
a specified period of time before the clock signal arrives (setup time) and must remain valid for a specified period of time after 
the clock transition (hold time) to assure that the output functions predictably. This leaves a small window of time with respect 
to the clock (to) during which the data is not allowed to change. If a data edge occurs within this aperture, the output may go to 
an intermediate level and remain there for an indefinite amount of time before resolving itself either high or low, as illustrated 
in Figure 2. This metastable event can cause a failure only if the output has not resolved itself by the time that it must be valid 
for use (for example, as an input to another stage); therefore, the amount of resolve time allowed a device plays a large role in 
calculating its failure rate. 
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Figure 1. A Simple CMOS Latch 
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Figure 2. Output at Intermediate Level Due to Data Edge Within to Aperture 
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The probability of a metastable state persisting longer than a time, tp decreases exponentially as ^ increases 2 . This relationship 
can be characterized by equation 1 : 

f(r) = t (-kfr) (1) 

where the function f(r) is the probability of nonresolution as a function of resolve time allowed, tp and the circuit time constant 
x (which has also been shown to be inversely proportional to the gain-bandwidth product of the circuit)^ 4 . 

For a single-stage synchronizer with a given clock frequency and an asynchronous data edge that has a uniform probability density 
within the clock period, the rate of generation of metastable events can be calculated by taking the ratio of the setup and hold time 
window previously described to the time between clock edges and multiplying by the data edge frequency. This generation rate 
of metastable events coupled with the probability of nonresolution of an event as a function of the time allowed for resolution 
gives the failure rate for that set of conditions. The inverse of the failure rate is the mean time between failure (MTBF) of the 
device and is calculated with the formula shown in equation 2: 

eftrA) 

7r~Tj — - = MTBF, = , ~ f (2) 
failure rate i f c f^ 

Where: 

tj. - resolve time allowed in excess of the normal propagation delay time of the device 
t - metastability time constant for a flip-flop 

to - a constant related to the width of the time window or aperture wherein a data edge 

triggers a metastable event 
f c - clock frequency 
fd „ asynchronous data edge frequency 



The parameters to and t are constants that are related to the electrical characteristics of the device in question. The simplest way 
to determine their values is to measure the failure rate of the device under specified conditions and solve for them directly. If the 
failure rate of a device is measured at different resolve times and plotted, the result is an exponentially decaying curve. When 
plotted on a semilogarithmic scale, this becomes a straight line the slope of which is equal to t; therefore, two data points on the 
line are sufficient to calculate the value of x using equation 3: 

T = *r2 *rl (3) 
ln(Nl/N2) y } 

Where: 

tfi - resolve time 1 

t,-2 - resolve time 2 

Nl - number of failures relative to t r i 

N2 - number of failures relative to tr2 

After determining the value for x, to may be solved for directly. 

The formula for calculating the MTBF of a two-stage synchronizer, equation 4, is merely an extension of equation 2: 
l 0 *c r d 



Where: 



t r i - resolve time allowed for the first stage of the synchronizer 

tj-2 - resolve time allowed in excess of the normal propagation delay 

f c , t, and to are as previously defined, with t and to assumed to be the same for both stages. 
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The first term calculates the MTBF of the first stage of the synchronizer, which in effect becomes the generation rate of metastable 
events for the next stage. The second term then calculates the probability that the metastable event will be resolved based on the 
value of tj2, the resolve time allowed external to the synchronizer. The product of the two terms gives the overall MTBF for the 
two-stage synchronizer. 



Tl Clocked FIFOs 



The TI clocked FIFOs are designed to reduce the occurrence of metastable errors due to asynchronous operation. This is achieved 
through the use of two- and three-stage synchronizing circuits that generate the status-flag outputs input ready (IR) and output 
ready (OR). In a typical application, words may be written to and then read from the FIFO at varying rates independent of one 
another, resulting in asynchronous flag-signal generation (internally) at the boundary conditions of full and empty; for example, 
the operation when the FIFO is at the full boundary condition with writes taking place faster than and asynchronous to reads. The 
IR flag is low, signifying that the FIFO is full and can accept no more words. When a read occurs, the FIFO is no longer completely 
full. This causes an internal flag signal to go high, allowing another write to take place. Since the exit from the full state happens 
asynchronously to the write clock (WRTCLK) of the FIFO, this flag is not useful as a system write-enable signal. The solution 
is to synchronize this internal flag to the write clock through two D-type flip-flop stages and output this synchronized signal as 
the IR flag (see Figure 3). The OR status flag is generated in a similar manner at the empty boundary condition and is synchronized 
to the read clock through a three-stage synchronizing circuit. 
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Figure 3. IR-Flag Synchronizer 

The remainder of this report pertains to the metastability performance of the two-stage IR synchronizer, which is the limiting case 
of the two in terms of MTBF characteristics. The internal flag signal that goes high on a read and low on a write is synchronized 
to the write clock through two D-type flip-flop stages. Since this results in the IR flag status of the FIFO being delayed for two 
clock cycles, a predictive circuit is used to clock the status into the synchronizer at (full minus two) words so that the action of 
the IR flag going low coincides with the actual full status of the FIFO. However, once the FIFO is full and IR is low, a read that 
causes the internal flag to go high is not reflected in the status of the IR flag until two write clocks occur. 

With the FIFO full and the IR flag low, a read causes the internal flag signal to go high. This signal is clocked into the first stage 
of the two-stage synchronizer on the next write clock. Because these two signals are asynchronous to one another, the potential 
for the output of the first stage of the synchronizer to go to a metastable state exists. If this condition persists until the next write 
clock rising edge, a metastable condition could be generated in the second stage and reflected on the IR flag output. This 
metastable condition manifests itself as a delay in propagation time and is considered a failure only if it exceeds the maximum 
delay allowed in a design. 

The effectiveness of the two-stage synchronizer becomes apparent when attempting to generate failures at a rate high enough 
to count in a reasonable period of time. A metastable event generated in the first stage must persist until the next write clock, i.e., 
when that data is transferred to the second stage. The resolve time for the first stage is governed by the frequency or period of 
the write clock. At slower frequencies, the failure rate of the first stage is very low, resulting in a low metastable generation rate 
to the second stage. The second stage of the synchronizer further reduces the probability of a metastable failure based on the 
resolve time allowed at the output. The overall failure rate of the device may be affected by increasing the initial asynchronous 
data generation rate (adding jitter to the data centered about the setup and hold window), by decreasing the resolve time of the 
first stage (increasing the write clock frequency), and by reducing the external resolve time at the output. 
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Test Setup for Measuring FIFO Flag Metastability 

The failure rate of a device is measured on a test fixture as shown in Figure 4. The input waveforms used on this setup are also 
shown in Figure 4. Rising data is jittered asynchronously about the setup and hold aperture of the device under test (DUT) in a 
±400-ps window with respect to the device clock (CLK). The output of the DUT is then clocked into two separate flip-flops, FF1 
and FF2, by two different clock signals, CLK1 and CLK2. The resolve time, t^ is set by the relationship between CLK1 and CLK 
and is measured as the delta between the normal output transition time and the rising edge of CLK1 minus the setup time required 
for FF1. CLK2 occurs long enough after CLK1 to allow sufficient time for the DUT to have resolved itself to a valid state. The 
outputs of FF1 and FF2 are compared by the exclusive OR gate, the output state of which is latched into FF3 by CLK3. When 
a metastable failure occurs, the output of the exclusive OR gate goes high caused by FF1 and FF2 having opposite data due to 
the DUT not having resolved itself by time tj . On the next cycle, low data is clocked into the DUT and FF1 and FF2 in order to 
reset the status latch, FF3. Failures are counted for different resolve times, and x is then calculated using equation 3. 

Using the test setup in Figure 4, failure rates are measured for both an SN74ABT7819, 512x18 x2 clocked FIFO, and an 
SN74ACT7807, 2K x 9 clocked FIFO. The device is initially written full to set IR low at the boundary condition. A read clock 
is generated to send the internal flag high, and a jitter signal is superimposed on it to sweep asynchronously with respect to the 
write clock in an 800-ps-wide envelope and centered such that the IR flag goes high alternately on the second and third write 
clocks. The nominal write-clock frequency of the test setup is 40 MHz, but to increase the failure rate to an observable level, a 
pulse is injected into the write-clock stream just after the read clock occurs such that the first and second write clocks (the ones 
that clock the status through the synchronizer) are only 5.24 ns apart. This increases the effective write clock frequency to 
191 MHz, reducing the resolve time allowed in the first stage and increasing the failure rate. 

This test setup and these actions together create the necessary conditions to generate a metastable occurrence on the IR output 
that is seen after the second write clock and manifests itself as a delay in propagation time. In this instance, the write clock is the 
synchronizing clock and the read clock generates the asynchronous internal data signal. CLK1 is adjusted to vary the external 
resolve time, tg, and the resulting failure rates are recorded (see Table 1). 
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Figure 4. Metastable Event Counter and Input Waveforms 
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Test Results 



Table 1. SN74ABT7819 Failure Rates t 



RESOLVE TIME, 
t r2 (ns) 


NUMBER OF 
FAILURES/HOUR 


NUMBER OF 
FAILURES/SECOND 


MTBF 
(seconds) 


0.27 


890 


0.2472 


4.04 


0.39 


609 


0.1692 


5.91 


0.53 


396 


0.1101 


9.08 



tVcc-4.5V > T A -25°C 

After measuring the metastable performance of the SN74ABT78 19, some assumptions must be made to calculate the parameters 
x and t(). Because the individual flip-flops comprising the two-stage synchronizer cannot be measured separately, it is first 
assumed that the values for x and to are the same for both. This is a safe assumption, as these constants are driven by the process 
technology and because the schematics are identical. The other assumption made involves determining the resolve time allowed 
in the first stage of the synchronizer. The clock period is set at 5.24 ns, but the delay through the flip-flop and the setup time to 
the next stage must be subtracted from the clock period to arrive at the true resolve time i). These values could not be measured 
directly and were, therefore, estimated from SPICE analysis to be 1 .3 ns. 

Using equation 4 and the measured failure rates to calculate x results in a value of 0.33 ns for the conditions given. The following 
values from the test setup must be used to solve for to: 

Where: 

tfj - 3.94 ns (5.24-ns clock period - 1 .3-ns setup and delay time) 
tf 2 - 0.27 ns (set externally at IR output by CLK1) 
f c - 40MHz 

f d - 125 MHz (4-MHz input adjusted by 25/0.8 jitter ratio) 
MTBF 2 - 4.04 s 

Substituting these values into equation 4 and solving for to yields a value of 16.9 ps. 

Table 2 summarizes the results for the SN74ABT7819 and SN74ACT7807 clocked FIFOs. An internal setup and delay time of 
1 .8 ns was assumed for the SN74ACT7807. 

Table 2. Values of x and t 0 for SN74ABT7819 and SN74ACT7807 



TA 


vcc 


SN74ABT7819 


SN74ACT7807 


x(ns) 


to(P») 


x(ns) 


to(PS) 


25°C 


4.5 V 


0.33 


16.9 


0.50 


1.13 


5V 


0.30 


7 


0.40 


2.05 


5.5 V 


0.23 


28.8 


0.30 


9.40 



These numbers indicate the performance of only a few devices and are not intended to represent a fully characterized parameter. 
However, they should be valid for the purpose of relative performance comparisons, and the values do fall within the expected 
range given the circuit configuration and process technology in which the devices are fabricated. 
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MTBF Comparisons 

With the constants x and to now known, calculations of the MTBF of the device under different operating conditions may be 
performed. First, however, consider an example of the metastability performance of a single-stage synchronizer using equation 
1 and the circuit constants t and to from Table 2. Assume an application miming with a 33-MHz write clock, an 8-MHz read clock, 
a 9-ns maximum propagation delay time for the IR path, and a 5-ns setup time for IR to the next device. Therefore: 

tj - 16 ns (30-ns clock period - 9-ns propagation delay - 5-ns t su ) 
f c - 33 MHz 
f d - 8 MHz 

Using equation 2 to calculate the MTBF gives 2.55 y 10 17 seconds or a little bit more than 8 billion years. 

The reliability of a one-stage synchronizer degrades as operating frequency increases. With a 50-MHz write clock, a 12-MHz 
read clock, a 9-ns maximum delay, and a 5-ns setup time: 

t r - 6 ns (20-ns clock period - 9-ns propagation delay - 5-ns tg U ) 
f c - 50MHz 
f d « 12MHz 

Substituting these values into equation 2 yields an MTBF of about 2 hours. This performance is unacceptable, even with a device 
fabricated in the 0.8-mm BiCMOS process, which is more resistant to metastability than other processes. 

The benefits of two-stage synchronization become evident with the next example. Using the conditions stated in the last example: 

t r i - 1 8.7 ns (20-ns clock period - 1 .3-ns setup and delay time) 
t r 2 - 6 ns (20-ns clock period - 9-ns propagation delay - 5-ns t su ) 
f c - 50MHz 
f d = 12MHz 

Using equation 4 to calculate the MTBF gives 3.16 y 10 28 seconds or 1.00 y 10 21 years. 

Table 3 gives a performance summary of both one- and two-stage synchronizing solutions under different conditions. 

Table 3. MTBF Comparisonst 



CONDITIONS 


ACT 1 STAGE 


ABT 1 STAGE 


ACT 2 STAGE 


ABT 2 STAGE 


f c = 33MHz, fd = 8MHz 


8400 years 


8.1 x 10 9 years 


2.62 x 10 28 years 


4.77 x 10 47 years 


f c = 40MHz, fd=10MHz 


92 days 


1400 years 


3.56 x10 1 9 years 


2.18 x10 34 years 


f c = 50MHz, f d = 12MHz 




2 hours 


4.90 x 10 10 years 


1.00x 10 21 years 


f c = 67MHz, f d =16MHz 






41 7 years 


1.28 x 10 9 years 


f c = 80MHz, f d = 20MHz 








2900 years 



t Assumptions for the MTBF comparisons: 

- The values for to and x are those given previously for both the ABT and ACT devices with VcC= 4 - 5 v > T A = 25 °C 

- Flag propagation delay time (IR or OR) is assumed to be 9 ns. 

-Setup times to the next device are 5 ns (up to 50-MHz operation), 4 ns (up to 67-MHz operation), and 3 ns (up 



to 80-MHz operation). 
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Conclusion 



Metastability failures must be accounted for in the design of asynchronous digital circuits. These failures become increasingly 
prevalent at higher operating frequencies. When higher frequencies are used, extreme care must be taken to ensure that system 
reliability is not adversely affected due to inadequate synchronization methods. 

Clocked FIFOs from TI provide a solution to this problem by synchronizing the boundary flags with at least two flip-flop stages 
to improve the metastable MTBF over one-stage synchronization. This architecture allows designers to utilize the 
high-throughput performance of the memory without endangering the reliability of their end products. 
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As system operating frequencies continue to increase in excess of 33 MHz, designers must begin to address the issues of overall 
system reliability due to increased chance of a metastable event occurring. A metastable event is defined as the time period when 
the output of a logic device is neither at a logic high nor at a logic low but rather in an indeterminate level. The chance of a 
metastable occurrence is exponentially increased if single-stage synchronization is employed, as in the case of the '722xx 
synchronous-style devices versus the two-stage synchronization that is implemented by Texas Instruments (TI) (see Figure 1). 
The following information assists designers in understanding and improving upon the metastable characteristics of '722xx 
synchronous-style devices and their reliability. 
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Figure 1. MTBF for Metastability as a Function of Frequency 



Metastability may occur when using a FIFO to synchronize two digital signals operating at different frequencies. This type of 
application is a familiar one to many design engineers. Triggering a metastable event is common in single-stage (single flip-flop) 
synchronized FIFOs that are used to synchronize different clock signals (see Figure 2). With this method, the asynchronous input 
might change states too close to the clock transition, violating the flip-flop's setup and hold times. This causes an increase in 
resolve time (t r ) which then results in an overall increase in propagation delay (tp^). Once a metastable event is triggered, the 
probability of the output recovering to a high or low level increases exponentially with the increased resolve time. The expected 
time until the output of a single flip-flop with asynchronous data has a metastable event is described by the mean time between 
failure (MTBF) equation (see equation 1). The first term of the equation is the probability that the asynchronous data will trigger 
a metastable event. The second term is the data rate. The third and final term is the probability of the metastable event recovering 
given the resolve time. A linear increase in resolve time exponentially increases the MTBF of a metastable event. 
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Figure 2. Single-stage Synchronizer 



(2) 



Where: 



^ - flip-flop constant representing the time window during which changing data invokes a failure 
t r - resolve time allowed in excess of the normal propagation delay 
t - flip-flop constant related to the settling time of a metastable event 
f c - clock frequency 

fd - asynchronous data frequency (for OR-flag analysis, it is the frequency at which data is written to 
empty memory; for IR-flag analysis, it is the frequency at which data is read from full memory). 



TI has increased the metastable MTBF by several orders of magnitude over single-stage synchronization with its advanced FIFO 
family by employing two-stage synchronization (see Figure 3). The output of the first flip-flop is clocked into the second flip-flop 
on the next clock cycle. For the output of the second stage to become metastable, the first stage must have a metastable event that 
lasts long enough to encroach upon the setup time of the second stage. The addition of the second flip-flop to the single-stage 
synchronizer allows the flip-flops more time to resolve any metastable output. This is statistically equivalent to increasing its 
resolve time by the clock period minus its propagation delay. MTBF for a two-stage synchronizer is given in equation 2. All terms, 
except for the third one, are the same as in equation 1 . The third term represents the additional propagation delay through the added 
flip-flop. 

tpd - propagation delay through the first flip-flop 
MTBF 2 - MTBF! 

Where: 

\ - tr + d/fc-tpd) 
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Figure 3. Two-Stage Synchronizer 

The functional block diagram in Figure 4 illustrates the connections necessary to add the second-stage synchronization to 
the 72211 synchronous FIFO. A quick and inexpensive schematic to resolve metastability of a synchronous FIFO is shown in 
Figure 5. In this case, the FIFO is the '7221 1LJ and, by implementing a single TI SN74F74 D-type positive-edge-triggered 
flip-flop and a TI SN74F08 two-input positive AND gate, the metastability characteristics of this circuit can be dramatically 
improved. The TI SN74F74 acts as the second stage for this circuit, increasing the resolve time as described in the previous 
paragraphs. The TI SN74F08 is implemented to act as the control-empty and control-full flags to the receiving device. These 
control lines of the first-stage and second-stage synchronized flags are then ANDed together to create the control flags (control 
empty and control full). The control lines are essentially read enables that ensure the synchronization of the device. As is shown 
in the logic diagram and truth table, synchronization is complete only when the empty flags (EF) of both the second stage (truth 
table input A) and the device (truth table input B) are high. The empty flag is used for read control and the full flag (FF) is used 
for write control. If either flag from the synchronizer or the device is held low or becomes metastable, a read is not permitted (truth 
table output Y) until the write flag is synchronized. 

As can be seen in today's digital systems, synchronous and asynchronous operations can and will produce random errors due to 
metastability in single-stage FIFO designs like those of the '722xx synchronous FIFO family. The described method of 
implementing a second stage for flag synchronization is extremely useful for clock speeds that are either approaching or 
exceeding 33 MHz. Metastability can be virtually eliminated in the '722xx synchronous FIFO family by the simple addition of 
a second flip-flop. The second-stage synchronizer greatly reduces metastability, thereby increasing the MTBF and allowing 
designers to use faster microprocessors and higher data-transfer rates for greater overall system performance and reliability. 

To reduce metastability and improve system reliability, TI offers a complete line of high-performance FIFO memory devices. 
TPs FIFOs have dual-stage synchronization designed onto each chip. This eliminates the need for any external discrete solution 
and reduces critical board space by fully utilizing TTs family of fine-pitch surface-mount packaging. 



15-51 



72211 



Second Stage EF/ FF Control Logic 



Control Empty 
EF 




Figure 4. Connecting the Second-Stage Synchronizer to the 72211 Synchronous FIFO 



72211 



Tl SN74F74 
D-Type 
Positive-Edge-Triggered 
Flip-Flop 



Tl SN74F08 
2-lnput 
Positive 
AND Gate 



Control Empty EF 




To 

)> Receiving 
Device 



Two Stage 



EF 
EF 



Control Empty Two Stage 



FF 
FF 



Control Full 



INPUTS 


OUTPUT 


A B 


Y 


H H 


H 


L X 


L 


x L 


L 



Figure 5. Resolving Metastablllty of a Synchronous FIFO 



15-52 



Multiple-Queue 
Flrst-ln, First-Out Memory 
SN74ACT53861 



Peter Forstner 
Semiconductor Group 



SCAA026A 



Texas 
Instruments 



15-53 



IMPORTANT NOTICE 



Texas Instruments (Tl) reserves the right to make changes to its products or to discontinue any semiconductor 
product or service without notice, and advises its customers to obtain the latest version of relevant information 
to verify, before placing orders, that the information being relied on is current. 

Tl warrants performance of its semiconductor products and related software to the specifications applicable at 
the time of sale in accordance with Tl's standard warranty. Testing and other quality control techniques are 
utilized to the extent Tl deems necessary to support this warranty. Specific testing of all parameters of each 
device is not necessarily performed, except those mandated by government requirements. 

Certain applications using semiconductor products may involve potential risks of death, personal injury, or 
severe property or environmental damage ("Critical Applications"). 

Tl SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED 
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER 
CRITICAL APPLICATIONS. 

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer. Use of Tl 
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning 
potential risk applications should be directed to Tl through a local SC sales office. 

In order to minimize risks associated with the customer's applications, adequate design and operating 
safeguards should be provided by the customer to minimize inherent or procedural hazards. 

Tl assumes no liability for applications assistance, customer product design, software performance, or 
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either 
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property 
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products 
or services might be or are used. 



Copyright © 1996, Texas Instruments Incorporated 
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Introduction 



This application report presents a detailed description of the versatile functions of the SN74ACT53861 multiple-queue 
(Multi-Q™) first-in, first-out (FIFO) memory. Examples of circuits show how the device can be controlled and cascaded. Typical 
application examples show how the device can be used in asynchronous transfer mode (ATM) telecommunications exchange 
systems. 

Memories are indispensable circuit components of digital-system subassemblies. There are a large number of memories in 
various configurations for many application requirements. Each memory is suited for specific and specialized applications. 

One of these specialized memories is the FIFO memory, which provides intermediate storage of data being transferred between 
two electronic systems. The designation FIFO indicates how the data flows. A FIFO has separate data 
input and data output; however, the first word of data written into the memory is the first to leave when it is read 
(see Figure 1). Within the FIFO, words of data wait in a data queue. If a FIFO is configured between two systems that are working 
asynchronously, the FIFO must be able to manage the synchronization of the data flow to both systems to prevent metastable 
situations. 
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Figure 1. FIFO Data Flow 

FIFOs differ from one another in their word widths, memory capacity, and in the way they are controlled. Texas Instruments (TI) 
offers FIFOs with word widths from 1 to 36 bits and memory capacities from 64 to 4096 words. Because FIFOs have alternative 
methods of control, TI offers strobed FIFOs and clocked FIFOs. A detailed description of the various methods of controlling 
FIFOs can be found in other TI application reports. The various word widths and memory capacities available are described in 
the 1996 High-PeTformance FIFO Memories Data Book, literature number SCAD003C. 

In addition to standard FIFOs, versions for special purposes have been designed for specific applications. The TI Multi-Q FIFO 
is an application-specific FIFO designed for ATM telecommunications exchange systems. 



Multi-Q is a trademark of Texas Instruments Incorporated. 
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Main Areas of Application 



The SN74ACT53861 Multi-Q FIFO is designed specifically for ATM telecommunications exchange systems. 

As shown in Figure 2, ATM telecommunications exchange systems can have three functional parts: 

• Receiving unit (one per channel) 

• Switching matrix 

• Transmitting unit (one per channel) 

The ATM used for data transmission supplies the receiving unit with digital information, which is usually apportioned in cells 
having a length of 53 bytes. Each cell consists of a 5-byte cell header and a 48-byte payload. The cell header includes: 

• Ultimate destination: virtual channel identifier (VCI) 

• Immediate next destination, i.e., the next ATM exchange installation through which the ultimate destination is reached: 
virtual path identifier (VPI) 

• The type of information contained in the cell: payload type (PT) 

• The importance, or priority, of the cell: cell-loss-priority (CLP) bit 

• Error-correction controller: header error control (HEC) 

In certain applications, extending the cell header by one to two bytes provides the ATM exchange installation with internal 
information (tagged cells) (see Figure 3). 
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Figure 2. ATM Telecommunications Exchange System Block Diagram 
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Figure 3. ATM-Header Structure 

If delays occur because transmission channels in the ATM exchange are not available, the Multi-Q FIFO allocates cell priorities, 
known as quality of service (QOS), by interpreting the PT information and the CLP bit in the cell header. Data that is critical as 
to the time taken for transmission, such as audio or video signals, is swept more rapidly through the ATM exchange than, for 
example, less critical computer data. If the CLP bit is set to 0, the cell contains important data that must reach its destination; 
whereas cells with the CLP bit set to 1 can be deleted. In a digital ATM exchange system, a priority control for cell transmission 
must be implemented. 

The cells being received arrive asynchronously to the clock signal of the exchange system; therefore, synchronization of the input 
data stream to the system clock is necessary. 

The Multi-Q FIFO solves synchronization problems and controls transmission priority with minimal complexity. The 
architecture of this FIFO, unlike conventional FIFOs, is not based on words of data but on cells. This device can control up to 
three priorities. The writing of the input data can be performed completely asynchronously with respect to the reading of the 
output data. 

The Multi-Q FIFO 

The most remarkable feature of the Multi-Q FIFO is that memory can be allocated to three independent queues. These queues 
allow the implementation of three QOS priorities. 

Construction of the Multi-Q FIFO 

Figure 4 shows the functional block diagram of the Multi-Q FIFO, which is clocked; i.e., it has inputs for free-running write and 
read clocks. Write accesses occur at the rising edges of the write clock when one of the three write-enable-x, (WRTENx) (x - 
1, 2, or 3) lines is set. Read accesses are implemented at the rising edges of the read clock by setting the read-enable (RDEN) 
line. Reading or writing stops when a low level is applied to WRTENx or RDEN. For writing operations, the three control lines, 
WRTENx per queue, are individually brought out. The control lines for write accesses are operated by a multiplexer. The desired 
queue is chosen with MUXO and MUX1 selecting access to the chosen queue using RDEN (see Table 1). 

Before use, this device must be r eset b y four rising edges of the write clock (WRTCLK) and four rising edges of the read clock 
(RDCLK) while the reset input (RST) is high. 
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Table 1. Selecting the Queue When Reading the FIFO 
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Figure 4. Multi-Q FIFO Functional Block Diagram 
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Configuration Registers 

Eleven configuration registers allow matching the FIFO to requirements of a particular application (see Table 2). These 
configuration registers can be written to and read from using a microcontroller through the auxiliary-bus control interface. 



Table 2. Configuration Registers 



REGISTER 
SYMBOL 


REGISTER NAME 


NO. OF 
BITS 


DEFAULT 
VALUE 


PROGRAMMABLE RANGE 


FUNCTION 


PORT 


Port control 


5 


0 


Bit-slice control 


Chooses the data input and output bus size and 
format. Controls output byte destuffing. 


QL1 


Queue 1 length 


5 


8 


0-16 


Defines the number of 256 x 1 8 memory blocks 
for Queue 1 


KJLZ 


Queue 2 length 


A 

4 


e 
0 


U— ID 


Defines the number of 256 x 1 8 memory blocks 
for Queue 2 


ULo 


Queue 3 length 


4 


o 

C 


U— 10 


Defines the number of 256 x 1 8 memory blocks 
for Queue 3 


GLSZ 


Cell size 


6 


27 


10-32 


Defines the cell size in 1 8-bit words 


PF1_W 


Programmable flag 1 , 
write threshold 


9 


71 


0-409 


Defines the number of cells in Queue 1 to set 
PF1 low 


PF1_R 


Programmable flag 1 , 
read threshold 


9 


70 


1-408 


Defines the number of cells in Queue 1 to set 
PF1 high 


PF2_W 


Programmable flag 2, 
write threshold 


9 


51 


0-383 


Defines the number of cells in Queue 2 to set 
PF2 low 


PF2_R 


Programmable flag 2, 
read threshold 


9 


50 


1-382 


Defines the number of cells in Queue 2 to set 
PF2 high 


PF3_W 


Programmable flag 3, 
write threshold 


8 


13 


1-383 


Defines the number of cells in Queue 3 to set 
PF3 low 


PF3_R 


Programmable flag 3, 
read threshold 


8 


12 


0-382 


Defines the number of cells in Queue 3 to set 
PF3 high 



Allocation of Queues 

The Multi-Q FIFO memory consists of 4096 18-bit words that have a maximum of three independent queues. These queues can 
be called up to control up to three QOS priorities of ATM cells. Using configuration registers QL1, QL2, and QL3, the sizes of 
the individual queues can be allocated in steps of 256 18-bit words. The initial value of QL1 = 8 if Queue 1 has a size of 8 x 256 
- 2048 1 8-bit words. The development engineer has access only to configuration registers QL1 and QL2 and can only determine 
the size of the first two queues; after that, the Multi-Q FIFO automatically reserves the part of the memory that is still available 
for the third queue. Programming queue lengths of zero allocates the memory to one or two queues. 

The word width of the memory is 1 8 bits; however, the development engineer can choose between 9-bit and 1 8-bit access when 
reading and writing. In these cases, the bus widths for reading and writing operations can be different. For example, it is possible 
to write with 9-bit access but implement the reading cycle with a word width of 18 bits. If the 9-bit access is chosen, the FIFO 
can write the first 9-bit word to the lower significant half of the 1 8-bit memory and the second 9-bit word to the higher significant 
half (little endian). Alternatively, this order can be reversed (big endian). The programming for write accesses is performed in 
the configuration register PORT using bits INSIZ, OUTSIZ, and INBE (see Table 3). With read accesses, the 9-bit data word is 
output on bits Q8-Q0 in little-endian data format and on the bits Q17-Q9 in big-endian format. In this case, the hardware wiring 
determines the data format; whereas with the input data, the software programming determines the data format. 
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Table 3. Port-Control Register PORT 



OUTSTF 
Bit 4 


OUTSIZ 
Bit 3 


INST 
Bit 2 


INBE 
Bit 1 


INSIZ 
BitO 


FUNCTION 


X 


X 


X 


X 


0 


18-bit input bus 


X 


X 


0 


0 


1 


9-bit input bus with an even number of bytes per cell in 
little-endian data format 


X 


X 


0 


1 


1 


9-bit input bus with an even number of bytes per cell in 
big-endian data format 


X 


X 


1 


0 


1 


9-bit input bus with an odd number of bytes per cell in litt- 
le-endian data format 


X 


X 


1 


1 


1 


9-bit input bus with an odd number of bytes per cell in bi- 
g-endian data format 


X 


0 


X 


X 


X 


18-bit output bus 


0 


1 


X 


X 


X 


9-bit output bus with an even number of bytes per cell 


1 


1 


X 


X 


X 


9-bit output bus with an odd number of bytes per cell 



Cells Instead of Words of Data 

The Multi-Q FIFO flags (e.g., empty, full, etc.) indicate the presence or the absence of complete cells. The cell size can be set 
with the configuration register CLSZ in the range of 10 to 32 1 8-bit words to allow a cell size of 20 to 64 bytes. The Multi-Q FIFO 
can also be programmed to odd cell sizes (e.g., 53 bytes) with 9-bit writing access by byte stuffing and with 9-bit reading access 
by removing the stuffing bytes (see Figure 5). This property can be chosen in the configuration register PORT with the help of 
bits INST and OUTSTF (see Table 3). 

9-Bit Input Data Stream 18-Bit Data Stream in FIFO 9-Blt Output Data Stream 




Stuffing Bytes 
Figure 5. Data Stream With Odd Cell Size 

When writing into a cell, the Multi-Q FIFO must be informed of the beginning of a cell with the input start-of-cell (ISOC) signal, 
as shown in Figure 6. At the rising clock-pulse edge when the first data word of a cell is written into the FIFO, both ISOC and 
the valid data word must be set high. If a cell has been written completely into the FIFO, ISOC must again be set with the beginning 
of the next cell. The FIFO compares the beginning of a cell, which has been indicated, with the expected ce ll begin ning in 
accordance with the previously implemented programming of the c ell size and indicates any fault at the alarm ( ALER) output 
(see Figure 7 and Figure 8). If a fault of this kind occurs and ALER is low, the fault must be reset with the abort (ABRT) input 
signal before further cells can be written into the FIFO. 

When reading from cells, the output start-of-cell (OSOC) signal indicates the beginning of a cell. OSOC can be used to control 
subsequent parts of the circuit (see Figure 9). 
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Figure 7. Faulty Writing of Cells Into the FIFO: ISOC Comes Too Soon 




Figure 8. Faulty Writing of Cells Into the FIFO: ISOC Comes Too Late or Not at All 
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Figure 9. Reading Cells Out of the FIFO 

Flags 

Table 4 defines the functions of flags that indicate the extent to which the memory is filled in the Multi-Q FIFO. A form of 
hysteresis is implemented with the programmable flags PF1, PF2, and PF3. The number of required cells in Queue 1 to set PF1 
low is determined using the configuration register. At subsequent readout, PF1 is reset to high as soon as the number of the cells 
still remaining in the memory reaches the value PF1_R in the configuration register. The extent to which the FIFO is filled can 
be set with configuration register PF1_W. From that point, ATM cells whose CLP bit is set to 1 are erased and no longer written 
into the FIFO. Only when the FIFO is again filled below the value in configuration register PF1_R does an external cell-priority 
logic accept the writing in of cells whose CLP bit has a value of 1 . 

The purpose of adjustable hysteresis is explained using as an example a standard FIFO having only one simply programmable 
almost-full (AF) flag without hysteresis. If the FIFO is filled to the predetermined value, the FIFO displays this at the AF flag 
output. This process is repeated when the FIFO again exceeds the predetermined value and ignores CLP - 1 cells. As a result 
of the reading out of a cell, the AF flag is reset and the external cell-priority logic immediately allows the storage of CLP - 1 cells. 
At this point, the external cell-priority logic switches between acceptance and rejection of CLP - 1 cells. 

The implementation of hysteresis in the Multi-Q FIFO allows the user to suppress continuous switching between acceptance and 
rejection of CLP - 1 cells (see Figure 10). 

Hysteresis can be suppressed by an appropriate choice of threshold values for PF1_W and PF1_R. 



Table 4. Multi-Q FIFO Flags 



FLAG 


SYNCHRONIZED TO 


FUNCTION 


DWRDY 


WRTCLK 


Data write ready. DWRDY must be high before data can be written into the FIFO. 


FFT 


WRTCLK 


Full flag, Queue 1 . When FFT is low, there is no more room for an additional cell in Queue 1 . 


PF1 


WRTCLK 


Programmable flag, Queue 1. Indicates the extent to which Queue 1 is occupied, as previously 
defined with configuration registers PF1_W and PF1_R 


FF2 


WRTCLK 


Full flag, Queue 2. When FF2 is low, there is no more room for an additional cell in Queue 2. 


PF2 


WRTCLK 


Programmable flag, Queue 2. Indicates the extent to which Queue 2 is occupied, as previously 
defined with configuration registers PF2_W and PF2_R 


FF3 


WRTCLK 


Full flag, Queue 3. When FF3 is low, there is no more room for an additional cell in Queue 3. 


PF3 


WRTCLK 


Programmable flag, Queue 3. Indicates the extent to which Queue 3 is occupied, as previously 
defined with configuration registers PF3_W and PF3_R 


CR1 


RDCLK 


Cell ready, Queue 1 . If there is at least a complete cell in Queue 1 , CR1 is high. 


CR2 


RDCLK 


Cell ready, Queue 2. If there is at least a complete cell in Queue 2, CR2 is high. 


CR3 


RDCLK 


Cell ready, Queue 3. If there is at least a complete cell in Queue 3, CR3 is high. 
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Figure 10. Hysteresis of the PF1 Flags With Configuration Registers PF1_W and PF1JR 
Programming 

The Multi-Q FIFO can be set up to meet the requirements of a particular application after resetting and before writing in the first 
word of data with the configuration registers. These registers are written to and read from using a microcontroller via the 
auxiliary-bus control interface (see Figure 11). 
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Figure 11. Connection of a Microcontroller to the Auxiliary Bus 
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Table 5. Configuration-Registers Access Order 



ACCESS 
ORDER 


REGISTER 
SYMBOL 


REGISTER NAME 

; 


PROGRAM BUS 


OIT lAfirYTU 

BIT WIDTH 


Mod 


LSB 


I 


run 1 


Port control 


5 




rU 


o 
d. 


Ol 1 
UL I 


Qu6U6 1 length 


5 


P4 


P0 


o 
O 


\JIjC, 


Queue 2 length 


4 


P3 


P0 


4 


CLSZ 


Cell size 


6 


P5 


P0 


5 


PF1_W 


Programmable flag 1 , write threshold 


9 


P7 


P0 


6 


PF1_R 


Programmable flag 1 , read threshold 


9 


P7 


P0 


7 


PF2_W 


Programmable flag 2, write threshold 


9 


P7 


P0 


8 


PF2_R 


Programmable flag 2, read threshold 


9 


P7 


P0 


9 


PF3_W 


Programmable flag 3, write threshold 


8 


P7 


P0 


10 


PF3_R 


Programmable flag 3, read threshold 


8 


P7 


P0 



The writing into the configuration registers is performed sequentially (see Table 5). Access to register QL3 is unnecessary because 
the content of this register always consists of the memory size of the Multi-Q FIFO of 4096 words of data minus the values of 
registers QL1 and QL2. 

To open access to the configuration registers, the bus request (BREQ) signal must be low. As a result, the data write ready 
(DWRDY) output replies with a low level after two rising edges of the write clock (WRTCLK). DWRDY indicates an active data 
access. When DWRDY is high, access to the FIFO is through the D inputs. When DWRDY isjow, access is through the P 
terminals to the configuration registers (see Figure 4). At every falling edge of the data strobe (DS) signal, the FIFO writes an 
8-bit data word from the P terminals in sequence to the configuration registers. If all ten configuration registers from Table 5 are 
filled with values, the FIFO ignores all further write accesses. Only after a renewed reset of the device are write accesses to the 
configuration registers again possible. 

The following rules apply for the values that are permitted to be written into the configuration registers. 

Rules for the length of the queues QL1 , QL2, QL3 are: 

• The minimum value is 0. 

• For QL1, the maximum value is 16. 

• For QL2 or QL3, the maximum value is 15. 

• The sum of QL1 and QL2 must not exceed a value of 16; it can be less than 16. 

• Only QL1 and QL2 can be programmed by the user. The value of QL3 is determined by the Multi-Q FIFO in that it 
is informed of the length of the memory that is still available. 

Rules for the cell-size (CLSZ) register are: 

• The minimum value is 10. 

• The maximum value is 32. 

Rules for programmable flag values PF1_W, PF2_W, and PF3_W are: 

• The minimum value is 1. 

• The value may not be larger than the number of whole cells for which there is room in the queue. 

• The PF1_W, PF2_W, and PF3_W registers are nine bits. The higher-valued eight bits are programmable by the 
development engineer. The least significant bit (LSB) is always 1. Accordingly, all PFx_W values are odd numbers. 

Rules for programmable flag values PF1_R, PF2_R, and PF3_R are: 

• The minimum value is 1. 

• The value must be smaller than the value of the corresponding PFx_W register. 

• The PF1_R, PF2_R, and PF3_R registers each consist of nine bits. The higher-valued eight bits are programmable by 
the development engineer. The LSB is always 0. Accordingly, all PFx_R values are even numbers. 
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Extension of Word Width 



An extension of word width is possible with a 36-bit access. As shown in Figure 12 (36-bit access), all input control lines must 
be switched in parallel while the flag outputs are connected together with AND or OR gates. In theory, both FIFOs must have 
the same internal state and, accordingly, signal-identical flags; however, when there is unfavorable overlapping, the flag of one 
device can change one clock cycle later than the other device. This does not cause differences in the contents of memory or loss 
of data. The flag synchronization can decide on a clock-pulse edge sooner or later, resulting in differences in the display. In this 
case, the connection with AND or OR gates ensures reliable results. 

If an 18-bit access is desired with an extension of word width, this can be achieved as shown in Figure 12. The only difference, 
in this case, is that both FIFOs are programmed for 9-bit access and only nine data lines per FIFO (D8-D0 and Q8-Q0) are used. 
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Figure 12. Extension of Word Width With 18-Bit or 36-Bit Input and/or Output Data 
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Figure 13. Extension of Word With 9-Bit Input Data 

If a 9-bit access to two Multi-Q FIFOs having extended word width is desired, these devices must be provided with external logic 
to control them in accordance with the ping-pong principle. In Figure 13, WRTEN and ISOC control lines demonstrate the 
ping-pong principle; i.e., the first 9-bit word is read into FIFOl and the second 9-bit word is read into FIF02. In this case, ISOC 
must also be generated for the second 9-bit data word, because this data word represents the beginning of a cell of FIF02. The 
order in which the 9-bit words are read into the two FIFOs is shown in Figure 14. 
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[W3~] = 9-Bit Data Word, Third Word of ATM Data Stream 
| j = Stuffing Byte 

NOTE A: Two Muiti-Q FIFOs are connected as a 36-bit-wide FIFO with 9-bit data access. 



Figure 14. Data Flow of an ATM Data Stream in Two Multi-Q FIFOs 



Programming Examples 

Before use, the Multi-Q FIFO must be reset and programmed to perform the desired function using the configuration registers 
(see Table 2). Table 6, Table 7, and Table 8 show examples of register programming. 



Table 6. Example of Configuration Registers Programming: 18-Bit Write, 18-Bit Read 



Function* 


Cell size: 
Write access: 
Read access: 
Size of Queue 1 : 
Size of Queue 2: 
Size of Queue 3: 
PF1 W: 
PF1 R: 
PF2 W: 
PF2 R: 
PF3 W: 
PF3 R: 




53 bytes -> 27 1 8-bit words 
18 bit 
18 bit 

75 ATM cells -> 2048 1 8-bit words 
56 ATM cells -> 1536 18-bit words 
18 ATM cells -> 512 18-bit words 
65 ATM cells 
55 ATM cells 
50 ATM cells 
40 ATM cells 
15 ATM cells 
10 ATM cells 




REGISTER 


P7 


P6 


P5 


P4 


P3 


P2 


P1 


P0 


HEX 


DESCRIPTION 


PORT 


0 


0 


0 


0 


0 


0 


0 


0 


00 


P0-0-* 18-bit input bus 
P3 - 0 -> 18-bit output bus 


QL1 


0 


0 


0 


0 


1 


0 


0 


0 


08 


8 x 256 - 2048 18-bit words 


QL2 
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1 


1 
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06 


6x256 -1536 18-bit words 


CLSZ 
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0 


1 


1 


1B 


53 cells -> 27 18-bit words 


PF1_W 
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1 


0 


0 


0 


0 


0 


1 


41 


65 ATM cells 


PF1_R 


0 


0 


1 


1 


0 


1 


1 


1 


37 


55 ATM cells 


PF2_W 


0 


0 


1 


1 


0 


0 


1 


0 


32 


50 ATM cells 


PF2_R 


0 


0 


1 


0 


1 


0 


0 


0 


28 


40 ATM cells 


PF3_W 


0 


0 


0 


0 


1 


1 


1 


1 


OF 


15 ATM cells 


PF3 R 


0 


0 


0 


0 


1 


0 


1 


0 


A 


10 ATM cells 



Table 7. Example of Configuration Registers Programming: 9-Bit Write, 18-Bit Read 



Function: 


Cell size: 
Write access: 
Read access: 
Size of Queue 1: 
Size of Queue 2: 
Size of Queue 3: 
PF1 W: 
PF1 R: 
PF2 W: 
PF2 R: 
PF3 W: 
PF3 R: 




53 bytes -> 27 18-bit words 
9 bit, little endian 
18 bit 

66 ATM cells -> 1792 18-bit words 
56 ATM cells -> 1536 18-bit words 
28 ATM cells -> 768 18-bit words 
60 ATM cells 
50 ATM cells 
50 ATM cells 
40 ATM cells 
24 ATM cells 
16 ATM cells 
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16 ATM cells 
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Table 8. Example of Configuration Registers Programming: 18-Bit Write, 9-Bit Read 



Function: 


Cell size: 
Write access: 
Read access: 
Size of Queue 1 : 
Size of Queue 2: 
Size of Queue 3: 
PF1 W: 
PF1 R: 
PF2 W: 
PF2 R: 
PF3 W: 
PF3 R: 




54 bytes -> 27 18-bit words 
18 bit 
9 bit 

56 ATM cells -> 1536 18-bit words 
56 ATM cells -> 1536 18-bit words 
37 ATM cells -> 1024 18-bit words 
50 ATM cells 
40 ATM cells 
50 ATM cells 
40 ATM cells 
30 ATM cells 
20 ATM cells 
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Applications 



The Multi-Q FIFO provides several alternatives for arranging the priority control of various QOS classes. A common 
implementation is the priority control in the receiving unit (see Figure 15) and transmitting unit 
(see Figure 16) of an ATM exchange. If the content of the transmitted ATM cells in the receiving unit is larger than the capacity 
of the switching matrix, a priority control must be installed and cells of less importance put in a waiting queue or eliminated 
completely. The same phenomenon can arise with the transmitting unit when the capacity of the outgoing line cannot accept the 
cells received from the switching matrix. In both cases, use of a Multi-Q FIFO is recommended. 
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Figure 15. ATM-Exchange Receiving Unit 
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Figure 16. ATM-Exchange Transmitting Unit 
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The universal test and operations physical interface to ATM (UTOPIA) in 8-bit and 16-bit bus widths has become the preferred 
interface between the physical interface (PHY) and the subsequent or preceding stages. Figure 17 shows the connection of the 
Multi-Q FIFO on the receiving side to a PHY with a UTOPIA interface when one queue is used. When priority control of the 
ATM cells is implemented, an arrangement as shown in Figure 18 can be used. Similarly, the connection on the transmitting side 
to a PHY with a UTOPIA interface can be implemented as shown in Figure 19 and Figure 20. 




PHY = Physical interface 



Figure 17. Connection of a Multi-Q FIFO to a Receiving Unit Using an 8-Bit or 
16-Bit UTOPIA Interface With One Queue 



UTOPIA 




PHY = Physical Interface 



Figure 18. Priority-Controlled Connection of a Multi-Q FIFO to a Receiving Unit Using an 

8-Bit or 16-Bit UTOPIA Interface 
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Figure 19. Connection of a Multl-Q FIFO to a Transmitting Unit Using an 8-Bit or 
16-Bit UTOPIA Interface With One Queue 
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Figure 20. Priority-Controlled Connection of a Multi-Q FIFO to a Transmitting Unit Using an 

8-Bit or 16-Bit UTOPIA Interface 
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Figure 21. Switching Matrix With Bottleneck Between Two Switching Elements 

There are different versions of the switching matrix. A simple example is shown in Figure 21. In this case, a bottleneck arises 
between the next-to-last and the last switching elements. This problem can be solved by increasing the transmission bandwidth 
of this part of the transmission path to double that of an input channel or by installing a priority control for the ATM cells to be 
transmitted. A Multi-Q FIFO is a suitable device for implementing this priority control. 

In view of the many ways in which an ATM exchange system can be implemented, there are certainly a large number of potential 
applications for the Multi-Q FIFO. When the priority control of up to three QOS classes is required, the Multi-Q FIFO is the 
logical choice. 



Summary 

The Multi-Q FIFO is designed to fulfill the particular requirements of ATM telecommunications exchange systems by: 

• Buffering ATM cells until they are passed on to the switching matrix 

• Matching asynchronous rates of data flow between a transmission line and the switching matrix 

• Managing up to three different priorities (QOS classes) of ATM cells 

• Matching the bus width (for example, from a 9-bit input bus to a 36-bit output bus, or vice versa) 

Programming the device by using ten configuration registers allows it to be used in a variety of applications. The TI 
SN74ACT53861 Multi-Q FIFO is an outstanding component that fulfills the requirements of telecommunications applications. 
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ORDERING INFORMATION 



Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in the 
page heading regardless of package. The availability of a circuit function in a particular package is denoted by an 
alphabetical reference above the pin-connection diagram (s). These alphabetical references refer to mechanical 
outline drawings shown in this section. 

Factory orders for circuits described in this catalog should include a four-part type number as explained in the 
following example. 

EXAMPLE: SN 74ACT7803 -15 DL R 



Prefix 

SN = Standard prefix 

SNJ = MIL-STD-883, Class B 

Unique Circuit Description 

MUST CONTAIN FIVE TO NINE CHARACTERS 
(from individual data sheet) 

Speed Sort 

In nanoseconds 



Package 

MUST CONTAIN ONE TO THREE LETTERS 



DL, DV, DW 
FK 

FN, RJ 
GB 

N, NP, NT 
PH 

PAG, PCB, PZ, 
PM, PN 
PQ 

Tape and Reel Packaging 



plastic small-outline package (SOIC) 
leadless ceramic chip carrier 
plastic J-leaded chip carrier 
ceramic pin grid array package 
plastic dual-in-line package 
JEDEC metric plastic quad flat package 

plastic thin quad flat package 
JEDEC plastic quad flat package 




Valid for surface-mount packages only. All orders for tape and reel must be for whole reels. 
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MECHANICAL DATA 



DL (R-PDSO-G**) 
48 PIN SHOWN 



PLASTIC SMALL-OUTLINE PACKAGE 



48 



4 — 1 0.025 (0,635)"] 

0.012(0,305) 

0.008(0,203) 



O 



0.110 (2,79) MAX 



|-$-| 0.005(0,13) ©| 



DIM 


28 


48 


56 


A MAX 


0.380 
(9,65) 


0.630 
(16,00) 


0.730 
(18,54) 


A MIN 


0.370 
(9,40) 


0.620 
(15,75) 


0.720 
(1 8,29) 



25 



24 



0.299 (7,59) 
0.291 (7,39) 



0.006(0,15) NOM 



0.420 (10,67) 
0.395(10,03) 




0°-8° 




Seating Plane .i V J l 



0.008 (0,20) MIN 



."7 



| 0.004(0,10) 




010(0,25) 

0.040 (1,02) 
0.020 (0,51) 
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NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,1 5). 
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MECHANICAL DATA 



DV (R-PDSO-G28) 



PLASTIC SMALL-OUTLINE PACKAGE 



28 



0.050(1,27) 



nnmmn 



0.019(0,48) 



• 0.014(0,36) W°- 010 <°' 25 > 
15 



hhuhuhub 



ITBTBTniTHTBl 



0.728 (18,49) 
0.718(18,24) 



14 
— >j 



0.350 (8,89) 
0.340 (8,64) 

0.478(12,14) 



0.462(11,73) 



0.008 (0,20) NOM 




0°-8° 



0.045(1,14) 
0.028(0,71) 



Dummuumixrai 



0.120 (3,05) MAX 



0.014 

0.005(0,13) 



_Jl Seating Plane i ^ f 
15^1 0,004(0,10) [ -^ 
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NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Falls within JEDEC MO-059 
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MECHANICAL DATA 



DW (R-PDSO-G**) 
16 PIN SHOWN 



PLASTIC SMALL-OUTLINE PACKAGE 



«— »H 0-050(1,27) | 



16 



RM 



^\PINS ** 
DIM^^\^ 


16 


20 


24 


28 


A MAX 


0.410 
(10,41) 


0.510 
(12,95) 


0.610 
(15,49) 


0.710 
(18,03) 


A MIN 


0.400 
(10,16) 


0.500 
(12,70) 


0.600 
(15,24) 


0.700 
(17,78) 



0.419(10,65) 
0.400 (10,15) 



0.299(7,59) 
0.293 (7,45) 



0.010(0,25) NOM 
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r / 




1 

± Gage Plane 







0°-8° 



^0.010(0,25) 
0.050 (1,27) 



0.016(0,40) 



UUJJJJUUuju 

(0,30) J 



a 



Seating 



0.104 (2,65) MAX 



0.012 ( 
0.004 (0,10) 



^ 0.004 




PL 
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NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15). 

D. Falls within JEDEC MS-01 3 
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MECHANICAL DATA 



FK (S-CQCC-N**) 
28 TERMINAL SHOWN 



LEADLESS CERAMIC CHIP CARRIER 



18 17 16 15 14 13 12 




NO. OF 

TERMINALS 

** 


A 


B 


MIN 


MAX 


MIN 


MAX 


20 


0.342 
(8,69) 


0.358 
(9,09) 


0.307 
(7,80) 


0.358 
(9,09) 


28 


0.442 
(11,23) 


0.458 
(11,63) 


0.406 
(10,31) 


0.458 
(11,63) 


44 


0.640 
(16,26) 


0.660 
(16,76) 


0.495 
(12,58) 


0.560 
(14,22) 


52 


0.740 
(18,78) 


0.761 
(19,32) 


0.495 
(12,58) 


0.560 
(14,22) 


68 


0.938 
(23,83) 


0.962 
(24,43) 


0.850 
(21,6) 


0.858 
(21,8) 


84 


1.141 
(28,99) 


1.165 
(29,59) 


1.047 
(26,6) 


1.063 
(27,0) 



~~t 0-020 (0,51) 
0.010(0,25) 



0.055 (1,40) 
0.045 (1,14) 



0.028(0,71) 



0.022 (0,54) 



0.045 (1,14) 
0.035 (0,89) 



0.045(1,14) 
0.035 (0,89) 



0.050(1,27) ] 



0.080 (2,03) 
0.064(1,63) 



40401 40/ C 11/95 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a metal lid. 

D. The terminals are gold plated. 

E. Falls within JEDEC MS-004 
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MECHANICAL DATA 



FN (S-PQCC-J**) 
20 PIN SHOWN 



PLASTIC J-LEADED CHIP CARRIER 



V O 



4 C 



E E1 [ 

C 



D 
D1 



1 19 



I I I I I I I I I I 

9 13 



]18 

] 
] 

: 

]14 



0.032(0,81) 
0.026 (0,66) 




0.050(1,27) 



0.008 (0,20) NOM - 



Seating Plane 
^| 0.004(0,10) | 

0.180(4,57) MAX 
0.120(3,05) 
0.090 (2,29) 
- 0.020 (0,51) MIN 



D2/E2 



D2/E2 



0.021 (0,53) 
0.013(0,33) 
0.007 (0,18) ©| 



NO. OF 

PINS 

** 


D/E 


D1/E1 


D2/E2 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


20 


0.385 (9,78) 


0.395 (10,03) 


0.350 (8,89) 


0.356 (9,04) 


0.141 (3,58) 


0.169 (4,29) 


28 


0.485(12,32) 


0.495 (12,57) 


0.450 (11,43) 


0.456 (11,58) 


0.191 (4,85) 


0.219(5,56) 


44 


0.685 (17,40) 


0.695 (17,65) 


0.650 (16,51) 


0.656 (16,66) 


0.291 (7,39) 


0.319(8,10) 


52 


0.785 (19,94) 


0.795(20,19) 


0.750 (19,05) 


0.756 (19,20) 


0.341 (8,66) 


0.369 (9,37) 


68 


0.985 (25,02) 


0.995 (25,27) 


0.950(24,13) 


0.958 (24,33) 


0.441 (11,20) 


0.469 (11,91) 


84 


1.185 (30,10) 


1.195(30,35) 


1.150 (29,21) 


1.158(29,41) 


0.541 (13,74) 


0.569(14,45) 



4040005/ B 03/95 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Falls within JEDEC MS-01 8 
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MECHANICAL DATA 



GA-GB (S-CPGA-P9 X 9) 



CERAMIC PIN GRID ARRAY PACKAGE 



A or A1 SQ 



| 0.100 



(2,54) 



0.050 (1,27) DIA 
4 Places 



0.022 (0,55) 
0.016(0,41) 



B or B1 n 



TT 



CorC1 

0.140(3,56) 
0.120 (3,05) 



DIA TYP 



0.800 (20,32) TYP 



ooooooooo 
o@o O 0 0 o (o) o 
ooooooooo 
ooooooooo 
ooooooooo 
o oooooooo 
ooooooooo 
o (5) o o o o o © o 
ooooooooo 



123 4 56789 



DIM 


MIN 


MAX 


Notes 


A 


0.940 (23,88) 


0.980 (24,89) 


Large 
Outline 


A1 


0.880 (22,35) 


0.935 (23,75) 


Small 
Outline 


B 


0.110(2,79) 


0.205(5,21) 


Cavity 
Up 


B1 


0.095(2,41) 


0.205(5,21) 


Cavity 
Down 


C 


0.040 (1,02) 


0.060 (1,52) 


Cavity 
Up 


C1 


0.025 (0,63) 


0.060(1,52) 


Cavity 
Down 


MAXIMUM PINS WITHIN MATRIX - 81 



4040114-2/B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Index mark may appear on top or bottom depending on package vendor. 

D. Pins are located within 0.005 (0,13) radius of true position relative to each other at maximum material condition and within 
0.01 5 (0,38) radius relative to the center of the ceramic. 

E. This package can be hermetically sealed with metal lids or with ceramic lids using glass frit. 

F. The pins can be gold plated or solder dipped. 

G. Falls within MIL-STD-1835 CMGA1-PN and CMGA13-PN and JEDEC MO-067AA and MO-066AA, respectively 
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MECHANICAL DATA 



GA-GB (S-CPGA-P11 X 11) 



A or A1 SQ 



CERAMIC PIN GRID ARRAY PACKAGE 



1.100 (25,40) TYP 



L 


0 


o 


o 


0 


0 


o 


o 


0 


0 


0 


0 


K 


o 


® 


o 


0 


o 


o 


0 


o 


o 


® 


0 


J 


o 


o 


o 


o 


0 


o 


o 


o 


0 


o 


o 


H 


o 


0 


o 


0 


0 


o 


0 


o 


0 


0 


0 


Q 


o 


o 


o 


o 


0 


o 


o 


0 


0 


0 


0 


F 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


E 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


D 


0 


o 


0 


o 


o 


o 


o 


o 


o 


o 


o 


C 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


B 


o 


® 


o 


o 


o 


o 


o 


o 


o 


® 


o 


A 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 



123456789 10 11 



0.050(1 ,27) Dl A 
4 Places 



0.022 (0,55) 
0.016(0,41) 



DIA TYP 




DIM 


MIN 


MAX 


Notes 


A 


1.140(28,96) 


1.180(29,97) 


Large 
Outline 


A1 


1.080(27,43) 


1.135(28,83) 


Small 
Outline 


B 


0.110(2,79) 


0.205 (5,21) 


Cavity 
Up 


B1 


0.095(2,41) 


0.205(5,21) 


Cavity 
Down 


C 


0.040 (1 ,02) 


0.060 (1,52) 


Cavity 
Up 


C1 


0.025 (0,63) 


0.060 (1,52) 


Cavity 
Down 


MAXIMUM PINS WITHIN MATRIX - 121 



4040114-4/B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Index mark may appear on top or bottom depending on package vendor. 

D. Pins are located within 0.005 (0,13) radius of true position relative to each other at maximum material condition and within 
0.015 (0,38) radius relative to the center of the ceramic. 

E. This package can be hermetically sealed with metal lids or with ceramic lids using glass frit. 

F. The pins can be gold plated or solder dipped. 

G. Falls within MIL-STD-1 835 CMGA3-PN and CMGA1 5-PN and JEDEC MO-067AC and MO-066AC, respectively 
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MECHANICAL DATA 



GA-GB (S-CPGA-P14 X 14) 



CERAMIC PIN GRID ARRAY PACKAGE 



A or A1 SQ 



B or B1 -i 



0.050(1 ,27) DIA 
4 Places 



0.022 (0,55) 
0.010(0,41) 



CorCI 

0.140(3,56) 
0.120 (3,05) 



0.100 (2,54) 



DIA TYP 



1.300 (33,02) TYP 



o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


0 


® 


0 


o 


o 


o 


o 


o 


0 


o 


o 


o 


® 


o 


o 


o 


o 


0 


0 


o 


0 


o 


0 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


0 


o 


0 


0 


0 


0 


o 


o 


o 


0 


o 


o 


o 


o 


o 


o 


o 


0 


o 


o 


o 


0 


o 


o 


0 


o 


o 


0 


o 


o 


o 


o 


o 


o 


o 


0 


o 


o 


o 


o 


o 


o 


o 


o 


o 


0 


0 


o 


o 


0 


o 


o 


o 


o 


o 


o 


0 


o 


0 


o 


0 


o 


0 


o 


o 


o 


o 


o 


o 


o 


o 


o 


0 


o 


o 


o 


o 


0 


o 


o 


0 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


® 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


<2> 


o 


0 


o 


o 


o 


o 


0 


0 


o 


0 


0 


o 


0 


o 


0 



1 2 3 4 5 6 7 8 9 1011 12 13 14 



DIM 


MIN 


MAX 


Notes 


A 


1.440(33,58) 


1.480(37,59) 


Large 
Outline 


A1 


1.380(35,05) 


1.435 (36,45) 


Small 
Outline 


B 


0.110(2,79) 


0.205(5,21) 


Cavity 
Up 


B1 


0.095(2,41) 


0.205(5,21) 


Cavity 
Down 


C 


0.040 (1,02) 


0.060 (1,52) 


Cavity 
Up 


C1 


0.025 (0,63) 


0.060 (1,52) 


Cavity 
Down 


MAXIMUM PINS WITHIN MATRIX - 196 



404011 4-7/ B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Index mark may appear on top or bottom depending on package vendor. 

D. Pins are located within 0.005 (0,1 3) radius of true position relative to each other at maximum material condition and within 
0.01 5 (0,38) radius relative to the center of the ceramic. 

E. This package can be hermetically sealed with metal lids or with ceramic lids using glass frit. 

F. The pins can be gold plated or solder dipped. 

G. Falls within MIL-STD-1 835 CMGA6-PN and CMGA1 8-PN and JEDEC MO-067AF and MO-066AF, respectively 
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MECHANICAL DATA 



N (R-PDIP-T**) 
16 PIN SHOWN 



PLASTIC DUAL-IN-LINE PACKAGE 



16 9 



0.070 (1,78) MAX 



0.260(6,60) 
0.240(6,10) 



"\^PINS ** 
DIM 


14 


16 


18 


20 


A MAX 


0.775 
(19,69) 


0.775 
(19,69) 


0.920 
(23.37) 


0.975 
(24,77) 


A MIN 


0.745 
(18,92) 


0.745 
(18,92) 


0.850 
(21.59) 


0.940 
(23,88) 



0.035 (0,89) MAX 0.020 (0,51) MIN -i 



4— j 0.100(2,54) 




0.200 (5,08) MAX 
i Seating Plane 



0.125 (3,18) MIN 



aoisiS) 1 ^1 0-010 (0>25)©1 \ 0.010 (0,25) NOM 




14/18 PIN ONLY 



0.310(7,87) 
0.290(7,37) 



\^ 0°-15° 



4040049/C 08/95 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Falls within JEDEC MS-001 (20 pin package is shorter then MS-001 .) 
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MECHANICAL DATA 



N (R-PDIP-T**) 
22 PIN SHOWN 



PLASTIC DUAL-IN-LINE PACKAGE 



22 12 



"^\PINS** 
DIM 


22 


24 


A MAX 


1.120 
(28,45) 


1.222 
(31,04) 


B MAX 


0.355 
(9,02) 


0.360 
(9,14) 



11 

,78) MAX 

0.020 (0,51) MIN -i 



J L 

H \* 0.070(1,7 



U 



0.425 (10,80) MAX 4 



0.200 (5,08) MAX 

4 Seating Plane 



0.100(2,54) 



0.125 (3,18) MIN 
0.010 (0,25) NOM 




0°--15°. 



V 



4040051 IB 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Falls within JEDECMS-010 
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MECHANICAL DATA 



NP (R-PDIP-T28) 



PLASTIC DUAL-IN-LINE PACKAGE 



. 1.375(34,93) 

1.345(34,16) 

28 15 



Z) 



0.295 (7,49) 
0.270 (6,86) 



^l^L v JL v JL v/ JL^l^JL u Jl v Jl v Jl A/ JL^JLJ^ 

14 

0.065 (1,65) 
0.045 (1,14) 



0.030 (0,76) 
0.015(0,38) 



0.180(4,57) 
0.145(3,68) 



................. - - J— £ 



0.325 (8,26) 
0.300 (7,62) 



Seating Plane 



0.100(2,54) 



0.150(3,81) 
0.120(3,05) 



0.010 (0,25) NOM 



f 




0°-15° 



V 



4040075/ B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Body dimemsions do not include mold flash or protrusion. 

D. Falls within JEDEC MO-095 
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MECHANICAL DATA 



NT (R-PDIP-T**) 
24 PIN SHOWN 



PLASTIC DUAL-IN-LINE PACKAGE 



24 13 



0.280(7,11) 
0.250 (6,35) 



12 

1, 78) MAX 



0.020 (0,51) MIN —j 



1 J L 

►( \4 0.070(1,7 





24 


28 


A MAX 


1.260 
(32,04) 


1.425 
(36,20) 


A MIN 


1.230 
(31,24) 


1.385 
(35,18) 


B MAX 


0.310 
(7,87) 


0.315 
(8,00) 


B MIN 


0.290 
(7,37) 


0.295 
(7,49) 



0.100(2,54) I 



Mjlff ^l 0.010(0.25,®] 



T 

0.200 (5,08) MAX 
. ^ Seating Plane 



0.125 (3,18) MIN 

T 

0.010 (0,25) NOM 




0°-15°. 



V 



4040050/ B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 
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MECHANICAL DATA 



PAG (S-PQFP-G64) 



PLASTIC QUAD FLATPACK 



49 c 



64 c 



O 



its. 



1,05 
95 



10,20 
9,80 
12,20 
11,80 



SQ- 
SQ- 



^ |-$-l 0,08 ©| 



33 



16 

7,50 TYP ►] 



i 32 



17 



rannnnnnnnni 



1,20 MAX 




| ^ Seating Plane 



0,08 



0,13 NOM 




0,75 
0,45 ' 



4040282/ B 03/95 



NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Falls within JEDEC MO-1 36 
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MECHANICAL DATA 



PCB (S-PQFP-G120) 



PLASTIC QUAD FLATPACK 



0 ,40 
90 



ir 



91 { 



120 c 



1,45 
1,35 



— ZP 



1,60 MAX 



11,60 TYP 
14,20 
13,80 
16,20 
15,80 



SQ 
SQ 



0,23 
0,13 

61 



0,07 (M) 



30 



60 



31 




Heat Slug 



0,05 MIN 



Seating Plane 



0,08 



0,13 NOM 



0,25 



0,75 
0,45 



0°-7° 



4040202/B10/94 



NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Falls within JEDEC MO-1 36 

D. Thermally enhanced molded plastic package with a heat slug (HSL) 
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MECHANICAL DATA 



PH (R-PQFP-G80) PLASTIC QUAD FLATPACK 




NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 
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MECHANICAL DATA 



PM (S-PQFP-G64) 



PLASTIC QUAD FLATPACK 



49 c 



64 



1,45 
1,35 



7,50 TYP 
10,20 
9,80 
12,20 
11,80 



SQ- 
SQ- 



uuuuuuuu 



16 



32 



17 



0,05 MIN 



L— 1,60 MAX 





0,75 
0,45 



Seating Plane 



^ 1 0,08 



40401 52/ B 03/95 



NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Falls within JEDEC MO-1 36 
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MECHANICAL DATA 



PN (S-PQFP-G80) 



PLASTIC QUAD FLATPACK 



fir ir H . E 



o,o8 m\ 



61 1 



80 c 



o 



1Z-J3L 



1,45 
1,35 



9,50 TYP 
12,20 
11,80 
14,20 
13,80 



SQ- 
SQ- 



20 



MO 



JT1_JUUUUUUUUUUUUUUUUUU 



1,60 MAX 





0,75 
0,45 



Seating Plane 



^ | 0,08 I 



40401 35 /A 03/95 



NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Falls within JEDEC MO-1 36 
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MECHANICAL DATA 



PQ (S-PQFP-G***) 
100 LEAD SHOWN 



PLASTIC QUAD FLATPACK 



13 



"D3" SQ 



■-0.180(4,57) MAX 



1 100 



89 



0.012(0,30) |^| 0.006(0,15) ©I 
0.008(0,20) L^- 1 Vl 




0.004(0,10) | 



DIM ^^^^^^ 


100 


132 


"D" 


MAX 


0.890(22,61) 


1.090(27,69) 


MIN 


0.870(22,10) 


1.070(27,18) 


"D1" 


MAX 


0.766 (1 9,46) 


0.966 (24,54) 


MIN 


0.734 (18,64) 


0.934 (23,72) 


"D2" 


MAX 


0.912(23,16) 


1.112(28,25) 


MIN 


0.888 (22,56) 


1.088(27,64) 


"D3" 


NOM 


0.600 (15,24) 


0.800 (20,32) 



4040045/C 11/95 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Falls within JEDEC MO-069 
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MECHANICAL DATA 



PZ (S-PQFP-G100) PLASTIC QUAD FLATPACK 




4040 149 /A 03/95 



NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Falls within JEDEC MO-1 36 
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MECHANICAL DATA 



RJ (R-PQCC-J32) 



PLASTIC J-LEADED CHIP CARRIER 



0.045(1,14) X 45° 



0.595(15,11) 
0.585 (14,86) 



0.553 (14,05) 



5C 

C 

c 



0.549 (13,94) 



c 

c 
c 

13C 



0.495(12,57) 
0.485(12,32) 
0.453(11,51) 
0.449(11,40) 



4 1 30 

n n n n n n n 



14 



u u u 

20 



0.012 (0,30) 
0.008(0,20) 



0.032 (0,81) 
0.026 (0,66) 



0.140(3,56) 
0.120(3,05) 



□ 29 

□ 
□ 

□ 

□ 21 




0.095 (2,41) 
0.075 (1,91) 
0.040 (1,02) 
0.015(0,38) 



0.400 (10,16) 
TYP 

0.530 (13,46) 
0.490 (12,45) 



0.050 (1,27) TYP 



0.021 (0,53) 
0.013(0,33) 



L 0.300(7,62) _J 

H TYP n 
0.430(10,92) 



0.390 (9,91) 



Seating Plane 



j| 0.004(0,10)" 



4040077/B 02/96 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion. 
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Tl Worldwide Sales and Representative Offices 



AUSTRALIA / NEW ZEALAND: Texas Instruments Australia Ltd.: 
Melbourne [61] 3-696-1211, Fax 3-696-4446; Sydney 2-910-3100, Fax 2- 
805-1186. 

BELGIUM: Texas Instruments Belgium S.A./N.V.: Brussels [32] (02) 726 
75 80, Fax (02)726 72 76. 

BRAZIL: Texas Instrumentos Electronicos do Brasil Ltda.: Sao Paulo 

[55] 11-535-5133. 

CANADA: Texas Instruments Canada Ltd.: Montreal (514)421-2750; 
Ottawa (613) 726-3201; Fax 726-6363; Toronto (905) 884-9181; Fax 884- 
0062. 

DENMARK: Texas Instruments A/S: Ballerup [45] (44) 68 74 00. 

FRANCE/MIDDLE EAST/AFRICA: Texas Instruments France: Vellzy- 

Vlllacoublay [33] (1) 30 70 10 01, Fax (1) 30 70 10 54. 

GERMANY: Texas Instruments Deutschland GmbH.: Frelsing [49] (08161) 

800, Fax (08161)804516; Hannover (0511)9049 60, Fax (0511)6490 

331; Ostfildern (0711)340 30, Fax (0711)34032 57. 

HONG KONG: Texas Instruments Hong Kong Ltd.: Kowloon [852] 2956- 

7288, Fax 2956-2200. 

HUNGARY: Texas Instruments Representation: Budapest [36] (1)269 83 
10, Fax (1)267 13 57. 

IRELAND: Texas Instruments Ireland Ltd.: Dublin [353] (01)475 52 33, 
Fax (01)47814 63. 

ITALY: Texas Instruments Italia S.p.A,: Agrate Brianza [39] (039) 684 21, 
Fax (039) 684 29 12; Rome (06) 657 26 51. 

JAPAN: Texas Instruments Japan Ltd.: Kanazawa [81] 0762-23-5471, Fax 
0762-23-1583; Kita Kanto 0485-22-2440, Fax 0485-23-5787; Kyoto 075- 
341-7713, Fax 075-341-7724; Kyushu 0977-73-1557, Fax 0977-73-1583; 
Matsumoto 0263-33-1060, Fax 0263-35-1025; Nagoya 052-232-5601, Fax 
052-232-7888; Osaka 06-204-1881, Fax 06-204-1895; Tachikawa 0425-27- 
6760, Fax 0425-27-6426; Tokyo 03-3769-8700, Fax 03-3457-6777; 
Yokohama 045-338-1220, Fax 045-338-1255. 
KOREA: Texas Instruments Korea Ltd.: Seoul [82] 2-551-2804, Fax 2- 
551-2828. 

MAINLAND CHINA: Texas Instruments China inc.: Beijing [86] 10-500- 
2255, Ext. 3750, Fax 10-500-2705. 

MALAYSIA: Texas Instruments Malaysia Sdn Bhd: Kuala Lumpur [60] 3- 
208-6001, Fax 3-230-6605. 

MEXICO: Texas Instruments de Mexico S.A. de C.V.: Colonia del Valle 

[52] 5-639-9740. 

NORWAY: Texas Instruments Norge A/S: Oslo [47] (02) 264 75 70. 
PHILIPPINES: Texas Instruments Asia Ltd.: Metro Manila [63] 2-636-0980, 
Fax 2-631-7702. 

SINGAPORE (& INDIA, INDONESIA, THAILAND): Texas Instruments 
Singapore (PTE) Ltd.: Singapore [65] 390-7100, Fax 390-7062. 
SPAIN/PORTUGAL: Texas Instruments Espafta S. A.: Madrid [34] (1)372 
8051, Fax (1)307 68 64. 

SUOMI/FINLAND: Texas Iristruments/OY: Espoo [358] (0) 43 54 20 33, 

Fax (0)46 7323. 

SWEDEN: Texas Instruments International Trade Corporation 
(Sverigefilialen): Kista [46] (08) 752 58 00, Fax (08) 751 97 15. 
SWITZERLAND: Texas Instruments Switzerland AG: Dietikon [41] 886-2- 
3771450. 

TAIWAN: Texas Instruments Taiwan Limited: Taipei [886] 2-378-6800, 
Fax 2-377-2718. 

THE NETHERLANDS: Texas Instruments Holland, B.V. Amsterdam [31] 
(020) 546 98 00, Fax (020) 646 31 36. 

UNITED KINGDOM: Texas Instruments Ltd.: Northampton [44] (01604) 66 
30 00, Fax (01604) 66 30 01. 



UNITED STATES: Texas Instruments Incorporated: ALABAMA: Huntsville 
(205) 430-0114; ARIZONA: Phoenix (602)224-7800; CALIFORNIA: Irvine 
(714)660-1200; Los Angeles (818)704-8100; San Diego (619)278-9600; 
San Jose (408) 894-9000; COLORADO: Denver (303) 488-9300; 
CONNECTICUT: Wallingford (203) 269-0074; FLORIDA: Fort Lauderdale 
(214)644-5580 Orlando (407)667-5308; Tampa (813)573-0331; GEORGIA: 
Atlanta (770) 662-7967; ILLINOIS: Chicago (708) 517-4500; INDIANA: 
Indianapolis (317)573-6400; KANSAS: Kansas City (913)451-4511; 
MARYLAND: Baltimore (410) 312-7900; MASSACHUSETTS: Boston (617) 
895-9100; MICHIGAN: Detroit (810) 305-5700; MINNESOTA: Minneapolis 
(612) 828-9300; NEW JERSEY: Edison (908) 906-0033; NEW MEXICO: 
Albuquerque (505) 345-2555; NEW YORK: Long Island (516)454-6600; 
Poughkeepsie (914)897-2900; Rochester (716)385-6770; NORTH 
CAROLINA: Charlotte (704)522-5487; Raleigh (919)876-2725; OHIO: 
Cleveland (216)328-2149; Dayton (513) 427-6200; OREGON: Portland 
(503) 643-6758; PENNSYLVANIA: Philadelphia (610) 825-9500; PUERTO 
RICO: HatoRey (809)753-8700; TEXAS: Austin (512)250-6769; Dallas 
(214)917-1264; Houston (713)778-6592; Midland (915)561-6521; 
WISCONSIN: Milwaukee (414)798-5021. 

North American Authorized Distributors 
COMMERCIAL 

Almac / Arrow 
Anthem Electronics 
Arrow / Schweber 
Future Electronics (Canada) 
Hamilton Hallmark 
Marshall Industries 
Wyle 

OBSOLETE PRODUCTS 

Rochester Electronics 
MILITARY 

Alliance Electronics Inc 
Future Electronics (Canada) 
Hamilton Hallmark 
Zeus, An Arrow Company 
Tl DIE PROCESSORS 
Chip Supply 
Elmo Semiconductor 
Minco Technology Labs 
CATALOG 
Allied Electronics 
Arrow Advantage 
Newark Electonics 



800-426-1410 / 800-452-9185 Oregon only 

800-826-8436 

800-777-2776 

800-388-8731 

800-332-8638 

800-522-0084 or www.marshall.com 
800-414-4144 

508-462-9332 

800-608-9494 
800-388-8731 
800-332-8638 
800-524-4735 

(407)298-7100 
(818)768-7400 
(512) 834-2022 

800-433-5700 
800-777-2776 
800-367-3573 



For Distributors outside North America, contact your local Sales Office. 



Important Notice: Texas Instruments (Tl) reserves the right to make changes to or to discontinue any 
product or service identified in this publication without notice. Tl advises its customers to obtain the latest 
version of the relevant information to verify, before placing orders, that the information being relied upon is 
current 

Please be advised that Tl warrants its semiconductor products and related software to the specifications 
applicable at the time of sale in accordance with Tl's standard warranty. Tl assumes no liability for 
applications assistance, software performance, or third-party product information, or for infringement of 
patents or services described in this publication. Ti assumes no responsibility for customers' applications or 
product designs. 
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